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PREFACE 


The Revised Sece)ml Kdition of tbe author's hook on Kai A-A/AR A\M) 
ITS Ikmcatmenf, wliieh lia^ no’’ ]'>eei: t'xhaiisled, was published in 19^5, 
and since then tlie h'ourth \\)hune of Meuse’s IIANDIU'CH I)l‘;R 'I'kopi^n 
l\RAN KH KirKN, in which tin* c]iap'<.i )n Kai.A-a/AR was conliilnited hv the 
autlior, appt‘a’'ed in 

'rile present volume, which is hasi-d upon this ChaptcM in iMenst‘’s work, 
is a new hook, (‘mhodyine; .ill tlie l.itesl lads known about the jirohahh* 
transmission ot tin* disease by means of the sandtiv, the* desciiption of 
dermal leislmirmoid," a new form of cutaneous leishmaniasis due to 
Ia'isJi iiidiiiti (lonOiUnii first discovered by the author, and the latest advances 
in the treatment of tin* disease liy me.ins of the aromatic antimonials, 
some of whicli were discovered by the author in the* ('oursc* of his ii-searches. 
Infantile kala-a/.ai', which was not (U'alt with jireviouslv in mv book on 
Rala-AZAK and its 'rREATMKX l, has been i ncorp( uatc‘(l in the* piesent volume. 

A new featuii* of the work is the iiu'lusion of maps showing the i^eo- 
^r iphical disti ibution of the disease. New plates sliowinr; the sta^j^cs of 
development of the jiarasite of kala-a/.ai in cultnii*, sections ol tin* sjdeen, 
liver and bone-m.iri*ow in kala-a/.ar have been added. A summai v of the 
classical works ol Christopher^, ShortI and Iku i.uid on the moi pholo.J4y of 
the j'larasite of kala-azar and its life cycle in tiu* sandlly has bc‘en .i^iven. 

'The author has attempted to i^ive an c*xhaustive iiibli o^^iaphy ol the 
disease which, he hopes, will [>rove uselul lor pur[)oses ol relerence. 

'I’en vears have passe-d since the auliior warmly advocated tlie tre.itment 
of kala-a/ar with intravenous injc*clion of metallic antimonv. In the onward 
mai h of search after truth, an oiT^anu antimonial has been discovered bv him 
which to-dav stands pie-eminent in tlie treatment of the disease. 

'rile author’s ^^latc'ful thanks are due to the (iovernin;^ Ihxly ol tlu* 
Indian k^eseaich I'und /\ssocialion lor their havin<4 placed at his disposal 
grants which enabled him to carry on researches into tlu* chemotlK i ajn of 
antimonial compoun(C in kala-a/ar inlection and to discover a series of new 
antimonials [^osscssine therapeutic value in the treatment ol the disease. 

lie 1*^ iiiider the deepest obligations to Major MUK'ISON, I.M.S., l)ir(*i*tor ol 
Ihiblic Health, Assam, for kindly allowin;^ him to make use of his pamphlet 
re;4ardini4 the preventive: measures a^^ainst kala-a/ar that ha\e been recently 
adopted bv the (h)Vernment of Assam, and ha\'e already been fraught with 
brilliant results, and to Colonel Knowles, I.M.S., Professor of i^roto/oology, 



X. 
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Calcutta School of Tiajpical Medicine, for allowing him to freely make use 
of some of the m iiuiscripis of his work on MiiDfCAi. Fkotozooi.OGY before 
it was published, for his many valuable advices in the preparation of this 
work, for making cultural and inoculation experiments with the hi st recorded 
case ot dermal leishmanoid, and for very kindly .ijoi 11,14 throui^h the proofs of 
his book, 'file author is also deeply indebted to him for his kind permission to 
reproduce in this treatise the platen on “ Xormal and Abnormal Blood Cells, ’’ 
from Knowles and Senior-White’s Malaria : Its Ixyksiigation and 
Control. 

Mis sincerest thanks are dueto Ideut. -Colonel CHKMSTOlMl KRS, F.R.S.,C.I.K., 
I.M.S., Director, Central Research Institute, Kasauli, and formerly Director, 
Kala-a/ar Cf)mmission, for his very kindly ,i4oin<4 throimh a jiart of the chapter 
on the “ Morplu)lo^y and Life-Cycle of the Parasite of Indian Kala-a/ar,” and 
to Major SiloRi'T, I.M.S., Director, Kala-a/ar Commission, for his very 
valuable help to the author in workii^ out the histopatholo^y of dermal 
leishmanoid and making photomicroi^rajdis of the sections of the tissues, 
and for many valuable sui^i^estions. 

'The aulhoi is deeply indebted to Lieut. -Colonel P>Ak\'ARI)0, C.I.K., 
CMi.IC, I.M.S., Prolessoi- of Medicine, Calcutta Medic. il Collei^e, and to the* 
other collea,i4ues of the author in the Medical College Hospitals, Calcutta, 
for their kind courtesy in K-ttini^' him study the clinical aspex'ts of the disease 
ill his own ward alon,i4 with theirs; to Major Shanks, I.M.S., Professor of 
Patholo,i4y, .md theolher members of the staff of the Department of Patholoi^y, 
Calcutta Medical Colle,i^e ; and especially to Dr. M . X. Dk, of the same 
de[iartmeut, for the beautiful sections of tissues in cases of kala-a/ar and 
dermal leishmanoid, .iiul for the kind help rendered by him to the author in 
workin<4 out their histopatholo,c:y. Me is also much indebted to Dr. Bain'I 
PRASIIAI), of the Zoological Survey of India, for some of the excellent 
photomicroi^raphs, and to Mr. V. V. Sahunk, Meteoroloi^ist, Calcutta, for 
<4ivin;4 him the correct meteoroloi^ical Ii,<4uies for different parts of India. 

'rile author puts on rc'cord his indebtedness to the Libr.iri.in, Royal Society 
of Medicine, for his help in [U‘eparini4 the Hibliooi aphv, and to the Icditors 
of the I'rofiCiil Pisiiisrs Ihillrliii, from which much lielp has bec*n obtained 
in preixiiiiijLj the same, and to his own assist. ints, Dr. B. B. xM.Ari'V and 
Dr. S. C. Banicrjkk, for the i^reat help they have rend(*red in tin* collection of 
references; to Dr. B. B. SilAHA and Dr. S. P. MrKHKKMKK,of the Carmichael 
Medie.d Ctillei^e, Calcutta, in .J^oiiii; through the proofs, ;uid to Dr. I\. 
Bankrjka, of the Xational Medical Institute, Ca.lcutta, for helping him in 
writing out the L'hapter on Lalniratory Methods. 

Xo work dealinj4 with .1 proto/oal dise.isecan be complete without Irequent 
reference to tin* remarkable book on PRO ro/0()LO('i V, by C'. M. Wknyo.v, 
C.M.C., C.B.K., k'.R.S., Direclor-in-Chief to the Wellcome IKireau of Scientific 
Reseaieh. and the author aeknowledi^es the greatest help that he has i\*ceived 
by fretjuent refc'renee to this v.ilu.ible masteiqueee of this hii^h .uithority in 
proto/ooIo54y. 

L PLXDRANArH BRAHMACHARI. 
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KALA-AZAR 

(INTERNAL OR VISCERAL LEISHMANIASIS) 


CHAi'TKR I. 


DEFINITION. 

I\ALA"AZAR is ii (lisciisc* due to ;i general or systemic- i'ili*etioii by a 
member ol the leisliniaiiia ,r;roiip of par/sites, which <^ive rise to vaiioiis 
affections included iindei' the general name of leishmaniasis. It oecairs in 
children and adults and is characterizc*d by a hi^h mortalilv in cases not 
treated with antimony, irre.rjular lever, lrec|Uenlly running; a elironic* eourse, 
s()m(*tinies acute or subacute, and lasting from a f(‘w months to two or 
three years, or rai ely moi e. 

It is accomjTinied by enlargement of the spleen and fre(|uentlv also of the 
livei', a .ijradual downhill course with pi-(\i^ressivc‘ emaeialioii, aiuemia, leiieo 
penia leadinj^ to marked cachexia and luemori ha,L;i* m dilfereiit parts of the 
body. It is usually terminated by some intereurreiil disease or eanerum oris. 


SYNONYMS. 

(I of Adull.s nnd of Inhiids.) 

Leishmaniasis, internal leishmaniasis, visceral leishmaniasis, general 
leishmaniasis, kala-a/ai' ol <idults, tropical leishmaniasis, I ndian kala-az.ir, 
black lever, black sickness, tropical splenome,i;aly, cacliexial lever, cac hec-lic 
fever, Leishman- Donovan disease, non malarial remit tent fever, malarial 
cachexia (in error), Dum-Dum lever, Burdwan lever, siikari disease, sahib's 
disease, kala-dukh, kala-jwar, kala-hazar, As>am fever, tropii al cachexia, tropical 
kala-azar, ponos ((ireece), haplopinacon (Cephaloiiia), srmieh (Sudan), infantih* 
kala-azar (Xicolle), infantile leishmaniasis, Medilenaneaii kala-azar, Medi- 
terranean leishmaniasis, febrile splenic amemia (Kede), amemia mlanlum a 
leislmiania (Fianese), leishmania amemia (Jemma and di Crislmaj, marda lal 
biccia (Malta), malattia da mensa (Sicilv), febrile |)seudo leuk.emia iiifaiiliim. 

Ih'oadly speaking leishmaniasis can l^e divided into the following clinic.il 
types; - 
j 



Kala-Azar 


(1) \’isct*i;il includes : — 

(<i) Kiil.i-ii/;ir (»l diu* to LcisliuKHiid ilonovLiiii , Ross, 1903 

(L;ivci;m and Me>nil), occurrmj4 mainly in India. 

(h) Inlantile kala-a/ar, occurrin,<4 ('specially in the Mediterranean 
( ounti K's, due to LcisJinidnid intaiihim (Xicolle). 

{( ) Sudan lei.'^hmaniasi'^ due t») Lcislnuiiuid iloiiormii , var. (ii\Jnbnldi 
(Ca^teilani). 

'The modern vieu' is t(j leL^aid all these }'>arasites as one and the same, 
as will he seen later on. 

{ 1 ) I )ei mal leishmanoid -a >kin disease recently described by I Ji ahmachari, 
tn be loimd in pe(s(ins cnied ol kala-a/ar lyv antimonial treatment. (See 
C'hapter on I)<‘iinal Leishmanoid.) 

(3) Local leishmaniasis. rins includes : 

(n. ('ntaneods leisli maniasis due to Li'ishuhiiiid /ropicd (oriental 
'voi'e, I»a,Lihdad boil, l)elhi boil, ^c.) and cntaiK.'ous lesions due 
to L(i\lnihi n id //ez/cr/O//. 

(h) indian oro-phai x iii^eal leishmaniasis desei ib(‘d liv Castellani. 

(( ) Lei'>hiiianiasis .XiiK'iicana (espmidia, biibas I >ra/iliana, iita, 

< K'cni I in Soiit h .\mei ica. 

'I’lie name “ kal.i-a/ar," thon,L;h it has the s.aiietion oi iisa,i>e, is not \'ery 
appropiiate. It has been slated liiat it wa^. intended to signify a lever m 
uhich (laik [n;;mentation ol the skin is a constant sym})toni. Some ol the 
obseiveis consider that “kala jwai ” is the proper teini, bec.nise “ kala " 
iiKMiis *' black,' and “ jwai " means “lever.” lint “ a/ai ’ means sickness, 
and the lei 111 black kncss is jusl as appropriate, 'i'lie word “ kala ” niav, 
however, si^mtv bd/, i.e., death, sionijyiuo ^ latal illness. .As was j^ointed ont 
bv l\os^, the popnlai Use ol the adjective “ kala ’ does not necessaiil\- inijilv 
bl.iekeiiinu; <»l the shin. |( may m<-an deadh', jii'-t as kdld-.s,,\n [d means 
deadiv snake, .siinilarlv, as Ro-^s pointed out, black dealli si^nitAin^ pla,mie 
indic.ited the (ell ilviiiL^ ellect ot the dis^Mse on tlr/ imagination ol the }k‘o pie, 
lathei than (he actual reality ol the disorder. 'I'lns explaiiat kjii a[iphes 
here also, becaiis<‘ sonic c.ises o| k.da a/ar do iiol show i;re.i( [^iL;mcntation 
o I the skin. 


HISTORY. 

Rowels held that the old “ Ibii'ilwan lever' (iS^py^zwas kal.i-a/.ii . It tins 
view iscoiuH't then the lirst epidemic mamlestation ol tlu* disease could be 
traced to a pe( uhai tvp; <i[ le\ei oeraiiinii^ m |es>ot(* in i IS >"4 or calk'd 

“|wai \’ik.n,” winch lOlIu)! consnlered was very snmiai {n “ Burdwan 
lever.” In 1 SS A'iai ke hi'si desv'iibed the di-^ease m his s.mil.nv report t)i 
.\ssam, in which he pointedi out that “there is a lever ot malaiial pv)isonim; 
known ainoiiLi the nati\es .{>, kala-a/.ir or black sickness. Irom the d.irkened 
ci'lonr whir'll the skin .issumes m chii)nic ca^e^. lie also stated (h.il “as lar 
b.u k .Is iSfu), the attention ot the .idmmisirati ve otticers m .Assam ber'ame 
duectr vl to a [Hculiai disorder called kal.i-a/.ar. t he rava^^es ot which decim.ited, 
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,iiid li) M)nic inst. incus (lupv_)[>iilatc‘d, niiniurous ilislnuls in tliu (i.iio Hills. ’ 
Cl.irku h.isccl Ins ruporl on thu records aiul notes ol 120 eases by McXaiii^hl, 
Civil Medical Officer ol Tura, the headquarteis ot the Ciaro Mills district. 
Rogers has stated that in the athninistrative reports ot Assam tor 1S75, si veral 
tamilies wore stated ti) have died amoniL^ tiie Chiros ot .1 disease ealkd ‘ kala- 
lia/ar." In iNS(), (liles concliuled trom his investigations tliat the disease was 
ankylostomiasis, or ratlier a mixed an.emia broiij^ht about by ankylostomiasis 
.ietin;4 on a population worn down by clironic malarial poisoninr; “similar to 
till* beriberi ot Cevlon. ” I )obson strongly opposed the aukvlosioaia theorv. 
In 1 NSq Stephen'- stated in Ins vearly report that the disease was distiiu t trom 
malaiia thonj^h allied to it. In nSqq Ilindlev described die existence ol a 
dise.ise jinpularlv teianed “ Ihishkara,” in J alpaii^iii i, in lleii^al, which was 
nndoiibtedlv kala-a/ar. 

In i(S()n Rogers considered that kata 1/ n* was a malignant loi in ol malaria, 
and Ross looked upon it as malan *. pins some seeondai v toi in ol inleetion. 
in 1(^02 ilendev elamieil that the disease was allied to Malta le\ ei . Xeil 
C'ampbell th aii^ht that it was ankvlostomiasis ])his malarial cachexia m 73 j>ei 
I'eiit. of case'', and in the remainin<4 .25 per (‘cnt. eithi'r ankylostomiasis pure 
and simple or pure malarial cachexia. In iS()S^ Ilarold Ihowii investigated 
“ Lal.i-dukli ” ill the Rurnea ihsti act, wliici:, accoialiipi; to him, was allied to 
k da-a/ar of Assam. About the same vear K'oss mvestiL^atcal “kalaqwai ’’ ol 
the I) if jeelinc; district, w hich was also a disease similar to kala-a/ar. 

Malison belii’ved that the disease* was not malaria because ol the absence 
ol pi*i iodicity in the lebi ile attai'ks and uon-auienabilil v to ijuinine i‘ven when 
,qiven in luassivi* doses, and in M103 he* sii.^^ested that kala-a/ai nii.‘;hl be 
caused by a trypanosome, A lew* months lalc*r in the sauie\'eai, I.eishiiian 
i i’poi tefl the discoxei V as early as k^oo, ot peculiai bodies in tin* spleen pulp 
ol a '-oldier who (lied of I )um-I )um tevi*r at Xetlev Hospital. He came to the 
coiiclu'^ion that theie was a simikiritv between these bodie- and ti X'panosonu s, 
and lie published his conclusions in m;o:; in a paper entitled “On the Rossi 
bilitv ol the Occurrence ot 'rrvpanosomiasis in India,’ m which he desi ribed 
th e-e ixidies as de_L;cner.ite trypauosonu s. In (ul\', !(/>;?, Donovaii reported the 
tiiidiiiLi ot similar bodies, independentlv of Leishman. Me piiiict 111 ed, duriiiL; 
hte, till* spleen ol patients in Madras sulteriipr;' trom |)roloiiL;ed level with 
splenomegaly. He contested Leishmaifs view that thev were deL;eneiale 
1 1 vpaiiosoiiies. Lavei an and Mesnil, aftei examiiiiiir; the spi*ciniens sent by 
l>onovan, concluded tliat the oia^anisius wa re piropkisinata. Identical bodies 
were also loimd by Maichand in h'mii.irv, in sections of spleen, hvei and 

bone-m.irrow trom a Chinaman who had taken pait in the Rekin canipaip;n 
and had suttered liom le\ er with eiilai r^ement of the sj)leen and aiia niia, and 
died in a Hambnr;4 hospital. A demonstration was .L|i\i*n before the la*ip/i,L; 
Medic. d Society (Jii l^'ebinary k^o^. In Heceinbei, 1907, Maiison loimd 
'-imilar i^odies dnriipLI life in the spleen blood of a p.itieiit tnmi H.n jeelnip;, 
siitlcrinL^ trom k;ila-a/ar, and showed that these bodies were not endo- 
la )rpnscnl;ir bodies, as had l)een siijiposed by .Mesiiil .md Laver. in. 

In J904 Christophers wrote his liisl report “ ( )n a Rarasite found in 
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Persons siiUcriiii^ Iroiii lOiilai ^ciiient of the Spleen." In tlie same year 
Castellani cliscovei I'd the parasites in kala-azar patients in Ceylon, and Bentley 
found these bodies in the spleen ot cases of kala-azarin Assam. Christophers, 
after examination of the smears of spleen blood of cases of kala-azar of Assam, 
came to the conclusion that many cases of malarial cachexia and kala-nzar of 
Assam were one and the same disease. 

In the same year lv*o, iters’ j^aper, entitled, f.eishman- Donovan Pjodies in 
Malarial Cachexia and Kala-azar,” and his pieliminary note on the develop- 
ment of the parasite of cachexial fever and kala-azar into a lla.^ellate sta,<4e, 
were published, and it became obvious that kala azar of Assam and many 
cases of so-called malarial cachexia," which is [)i evalent in eastei n parts of 
India, were one and the same disease. 'I'he term kala-azar quickly came to 
embrace these conditions. In i(;o6 I hahmachari wrote his [laper, ‘‘On a 
Contribution to the Study of k'evers due to Leishman- Donovan Bodit's." 

In 1905 Statham published a [u eliminarv not(‘, “ ( )n the Cultivation ot the 
Leishman l>ody.’’ In the same year Leishman and Statham wrote a paper on 
‘ 'The Dewlopment of the Lr-ishman l: 5 ()dy in Cultivation." 

Besides India, the first c ase in Asia was observe-d po^t moi tern by Marchand 
in K^o^. Soon afterwards cases wc-rc* found by Bassedt-Smith among sailors. 
In i(>io Aspland showed that the disease was widedy spread in North China. 
In Kjii C'oehran repoitcal c.ises in other |)arts ol C'hina. S.iville found it in 
'rient^in, and Jerusalemy found it in Hoang IIo district. Jelfreys and 
Maxwcdl found it in k'ormo^a. 

In Italy, the* lir>t elinic.d description of the disease was given in 1880 by 
(fardarelli. lie was lollowed by k'ccle, Soinma, and other Neapolitan workers, 
who thought that two clinical varieties of the disease e.xistcd. One of these 
was always .iccompanual by a ri^c of body temperature (vdiichis fchiilis), 
while the sc*cond gcMierallv lan it^ course without j>roducing fever (cur/V/ux 
ii <i). 'The second form was considered to include cases ol auiemia 
splenica infantum pseudo-lcuk;emia (lienocli v. jaksch). d'he lebrile lorm 
was thought to bc‘ infectious. Keck*, Biaiu*se and (jiantmeo conducted 
bactc'i iological investigations, and the conclusion reaclic'd by Lianesc* and 
(iianturco was that th** disease was caused by lUulciiinii coli. Mya and 
'rrambusti found M u )\h\h i iis prc‘sent in the apyi c*tic lorm ol the* 

disease. 

In i()04 Neave discovered the existence of this disease in Africa in a v^liild 
coming fiom .\nglo-Kgyptian Sudan, and in the same vear Philips discovered 
it in two adults coming Irom .Arabia, in the s.une ye.ii* Cathoiic* observed 
pec'uli.u bodies in smears from the spleen of a child who h,id died cd an 
ill-delined disc.Mse in Tunisi.i, .uul thev were subsc‘cjuentl\ recognized bv 
Lavei'.in .is Liisliindiiid In 1003 L.iveian’s papc'i on Pi 1 oAd^^iiid 

ihdidViiiii .ippc‘ared. 

In ic)05 Pi.inese found the identic.il pictuie in sme.irs from the spleen .md 
liver of children dying of inf.intile splenic an.emia in Italy. In 0)07 Pirrie, 
who h.id been working in the Sudan, died in Kngland of kala-az.ir. In i()o8 
Cummins discovered .1 c.ise contr.icted .it Sniga on the Blue Nile; A'arrol 
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recorded ;i second case from the same district, while Black met with two 
cases ; cases were then reported frequently from tliis district. Boiistield 
recorded seven cases from the province of Kassala and one fnmi Mafaza. 
"riiomson and Marsliall found forty-one new cases in children and adults 
aloiii^ the Blue Nile towards Abyssinia, which forms an caulemic zone. 
Marshal] observed the disease amoni^ children of [2 years of ai^e in the Sennar 
province of Sudan. Archibald studied a small epidemic in Kurmok on the 
Abyssinian frontier, and the disease in the vSudan is sometimes c.illed Sudan 
kala-azar. Nicolle and Cassuto in iqoy observed tlie parasites in the spleen of 
a child in 'funis sufferini^ from irre,‘4ular fever and splenomei^aly. Nicolle 
named the disease infantile kala-azar. 

From 1905 to I90(S Bianese observed only a few cases, and later on none 
at all were seen, so that in 1912 the disc is(‘ was thou^i:;ht to have died out in 
Italy. Gabbi, however, reported the occur»enci‘ of the disc-ase in Sicily and 
C'alabria at about the end of 1908. Dtirine; tin* vears i()OtS to 1914, Nicolle 
treated thirty-ei^^ht cases in "funis. 

h'rom 190S to 1913, 119 cases occurred in Messina, i()0 in Catania, and 
I 10 in Palermo. As a result of ( labbi’s work, the problem be.cian to be studied 
in Italy on a lar_4e scale. It apj>eared that kala-azar was faiily widespiead 
in Calabria, in Sicily, and round Naples, and that isolated cases had also 
occurred in Kiumicino (Rome) and "frieste. 

'file disease was also observed in the Mediterranean islands. Archer in 
1907 reported its occurrence in Cyprus, Critical and Ikdiiiy^ton in Malta 
(1910), (kibbi in Spetza ((irecian Archipela,i4o, 1910). 'flu* latter was the 
first to establish delinitely the identity of ponos and kala-azar, a fact that 
Gabbi, Mesnil, Laveran, Williamson and others had previously supposed. 

In i()io 'fashinbbev discovered the disease in 'I'ripoli, and in the s.une 
year Alvares discovcM'ed it in Ivisbon. In i()ii Christonianos observed cases 
on the Greek mainland ; it had already been obsei ved at an earlier date on 
the archipela<4(^ by Aravandinos and Michaelidis. Since i(;iJ cases have been 
described in Khissia ('faschkent, "furkestan) by Marzinowsky, Petroll, 
Xikoforolf, Gourko, ^'akimolf, and others. PittalujL^a and olheis observed 
cases in Spain in the same years. The* disease has also been found in 
Moscow. 

'file reader may consult the list of references in the introductory number 
of KaUi-aziir Biillcfiii (iqrr) for further references re^ardiiyij; the history of 
the disease. 


GEOGRAPHICAL DISTRIBUTION. 

Asia , — The disease occurs extensively in the eastern parts of India, 
especially in the districts throui^h which the rivers Ganges and Ihahmaputra 
pass. There is also an endemic area in Madras, from which many cases 
ori^^inate. The piovinces of Assam, Ben^^al, parts of Madras, Hehar and 
Orissa, and the eastern parts of the laiited Provinces are the chief endemic: 
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arccis (see Plates ! and I\’). A new endemic area has been discovered 
in the south of the Madras Presidency. Cliilde mentions the case of a 
Kuropean ladv who contracted the disease either in Bombay or Jubbiilpur. 
Another case has been recentlv reported on the west coast of India. It has 
been observed in Ceylon, where it is rare, and cases have been reported 
in Burma as well as in Siam, Sumatra and Kormosa. 'riiere are endemic* 
areas in c*eitain parts of China, such as Pekin, Central China, and the- 
district of ^^ln;4-tse-Kian^, and more recentlv in some parts of South China. 
'The disease occurs also in Asiatic Russia, l^ussian Turkestan, Arabia and 
Asia Minoi*. It is doubtful whetlier it occurs in Mesopotamia, tliou.i^h Kill/ 
considers the disease to be endemic there. 

— 'Idle disease is endemic in many paits of Kurope I’lordeiiiiL,^ on 
the Mediterranean, e., 14., the southern parts of Italy and in Sicily, and especially 
in Calahria and the iU‘i;4hbourhood of Messina. In Messina the first villa^L(es 
wherein the disease was recoi^ni/ed weie Bordonaro, Camaro and Galati 
((iahbi). Other endemic areas were discovered latc*r, e.]L(., Catania (Kelitti 
<ind Lon^L^o), I*alei in(» and the nei^^hbourini^ country (Jemma), Naples and the 
surrounding districts (Petione, X'ai^lio and Oabbi). Recently, a case of adult 
kala-a/ar has been observed in Madrid (see ld<ite II). 

erases have also occurred in 'I'rieste. In Malta, too, the* disease* is endemic. 
It oce'urs in (ireece, chie’lly in the islands of Sj*>e*lsa anel Mydra. In Hydra, 
the* annual death-rate* from the elisease* is estimated at 7-10 per 6,000 inhabitants. 
In fourteen childre*n {yj pei' ce*nt. of the death-rate) died of kala-a/ar. 

Isolated cases of the elisease have be*en reported fiom southern Spain and 
Poi’tu^al and from k'rance in Marseille's anel Xi//a. Case's have also been 
elescribeel in Ixussia (Moscow, Mohileff) as well as in \'ie*nna and Ri^a. 

Possililv amemia spleneiiiu'i^alica, which Sevfarth obsei ved in the coastal 
elistiict of southern Bulgaria, was some feirm of kala-a/ar. In Macedonia 
cases mav also be found. 

A iiiri iid . — One case has be*en observed in Se)uth America by Mi^one (?). 

A fried . — It is e'lulemie* in alme>st the whole e)f the Medite-rranean coast. 
It is saiel to be* e.\cee*elm,i;lv laie in h'.^vpt (Archibald). Gabbi states that it 
occurs in Ki^ypt. It is enele*mic in 'runis, Trii'ioli, Algeria, C'yrenaica, Jat 
Lakes, Morocco, 'fhere is a luniteel endemicity in the* Kassala anel the Blue 
Nile* elistricts aeljoiniuL; the Abyssinian be)reler. Knelemic centres pc^ssiblv 
e.xist in Kaste*rn Suelan and W'estern Abyssinia. One case* occuricd in 
K'hartoum (('labbi), one* in the Jehael territe)iy anel one in (iabon. With the 
exce*[’»tion of one case* elescribeel bv I^ouillez in central Shari, the disease has 
hithe'i to not been founel in the French, Belj^ian, foi iner Cierman, Spanish and 
Portuj^uese possessions in West and Central Africa, nor in Seuith-west or Fast 
Africa -(see Plates II anel III). 

'Phe first ende*mic area eliscovereel in Africa was 'runis. Cases e)t kala-a/ar 
have recently been e)bserve‘el in F.Ltvpt, in Cyrenaica i^Patane), near Lake Chad 
(Be)uillez), in Fast Africa (Lafont, I leckenroth), anel in Morocco (Klippel and 
Monie*r Vinarel) — see Pl.ites II and III. 

'The elisease has been eliscovereel in Keny.i Ce)le)ny (Wenye)n). 
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Epidemioh^y ^ 

It is impossible to ^ivc a complete list of all the places in the world where 
kala-azar mi^iil be found. Reference should be made to the .iccoinpanvi.io- 
Plates 1 to IV for such information. 


EPIDEMIOLOGY. 

In India, epidemics of kala-azar liave onlv been described in cert.im parts 
of Assam and Hcnoal. On the other hand, the disease is endemic in the other 
parts of India which it infects. These include the provinces nf Madras, Behai 
and Orissa, and the eastern parts of the Ibiited Provinces of Ai^ra and Oiidh. 

In Iien;4al, Rollers Iu*ld that the oi l Biirilwan fever ( i ^^^4“ ^^7^) 
epideiuic of kal.i-azar. Subsetpiently Hicdunachari concluded, both from 
clinical and statistical evidence, that Uie old Burdwan fever was mostly of 
malarial origin. In more recent tun(‘S Lpidemics have bc'cn described in 
Assam, in the districts of Purnea (Brown), Darjeeling Teiai (I\h)ss). It is in 
Assam that epidemics occurred up to recent times. 

The epidemic fevers of Dinajpur and I\ungpui‘ in Bengal which occuried, 
according to Rogers, between 1871 and 1876, but which probably also occurred 
before the seventies, were thought by liini to be e[)idemic manifestations of 
kala-azar. According to him the epidemic fevers of these districts, the 
epidemic of kala-azar of Assam and the kala-dukh of Puriu‘a were manifesta- 
tions of one and the same disease. He thought that the disease was started in 
Rungpui' disti'ict in the early seventies by the extraordinary succession of 
unhealthy seasons, and that it spiead slowly up to tlie Ass,im valley, giving rise 
to the epidemic of kala-azai* in Assam. 'Phere was an epidemic le\‘er in the 
district of Patna (l:iehar and Orissa) in i85(>-5(), which somewhat resembled 
the old Burdwan fever. 


THE ASSAM EPIDEMIC. 

It is practically cert.iin that Assam is the part of India where epidemics of 
kala-azar once act|uired a home. 'Pile lirst epidemic in Assam is sup[K)sed to 
have commenced in the G<u’o Mills about 1870. It s[uead steadily fiom year 
to vear in an easterly directicjii ale)ng the Brahma])ulra valley, lollowing lines 
and roads of commuiucaticms, and continuing for about ten years, and then 
slowly declining. Recently there have been other epidemics in y\ssam. 

'Phe nature of the epidemics of kala-azar is characterized by certain 
features - 

(1) The slowly spreading nature of the epidemic, travelling at the rate of 
ten miles a year and always along the routes ol trallic. 

(2) When it attacks a particular village, it clings to particular houses, and 
then spi'eads from one house to another by means of communication. 

( ^) Phe disease is not diffused generally ovei* .1 district, but settles in small 
loci. 

Phe chief facten's in its spread appear to be : — 

(a) Human carriers of the disease. 

(/;) Close association of the sick with the healthy. 



8 


Kala-Ap:ar 


(c) Probal^ly the presence of a bloochsiickiiiji; insect as the inter- 
mediate host. 

(il) Climate and local conditions of the soil compatible with the 
lapid 'spread of the disease. 

((') Absence of any immunity in tlie community. 

The investi, Rations of the epidemiolo;^y of kala-a/arin India have su, ingested 
a number of problems which have hitherto remained unsolved. Why did 
the epidemic sju'ead slowly from one place to another, instead of extending; 
rapidly over a whole legion ? Why did epidemics occur only in Assam, and 
not in other |)aits of India or elsewhere wliere the disease is endemic ? 
1 'he sii^i^^estiori that has b(‘en made, that epidemics occur when the* disease 
spreads to a vir^^in soil, is not satisfactory, as it has not been [U'oved that 
i*pidemics have ever occurred in parts of India where the disease is now 
endemic, except Assam and ptahaps Ben<^al. It may, however, be assumed 
with considerable |)i()bal)ihly, that in an infected endemic area, there mav be 
a ,i;reat iiiciease in the percenta]L;e of deaths amoip^ the infected people due to 
unh(‘allhv conditions dcvelopiipi{ in a particular season oi’ year. An epidemic 
of another fever such as inaLiria or inlliien/a may have attacked those pre- 
viously sulleriipi; Iron) endemic kala-azar, and suddenly raised the inoiialitv 
curve of the disease, thereby .Uivin^ij; it an e|)idemic t haiacler. 

It may bepointecl out heii* that endemicity foinis a special feature of kala- 
a/ai‘. I )onovan doubted the [lossibilitv ol an epidemic outburst in a disease 
of the nature* ol kala a/ar. It is possible that in some of tlu* epidemics malaria 
.111(1 kala-a/ar ran toeethci , and that in sonu* ot them one disease was more 
prev.ilent than the other. Perhaps in the Assam e[)idemic in oSyo k.ila a/ar 
was more common, and in the Burdwaii epidemic (i(S54-75) malaria was more* 
common. 

In 'runis, Algeria and Portuij;al, there has never been an epidemic of 
kala-a/ar. (l.d)bi has collected information in order to discover at what time 
of year most of the cases occur. He found in Sicily that the disease first 
appeared in sprini^, and lhat most cases occurred in April and Mav. In 
Juiu* and July there was some diminution in the number, .and by 
Auj^ust, September, October and November, the disease had completely 
or almo’-t completely disappeared. 'Fhe curve reinesenliiii' the course 
of tlu* disease reaches its hi^L;hest point in the month of May. It must 
cert.iinlv In* added that eihdemics, in the true sense ol the word, have 
never been observed in Mediterranean countries. Aichib.ild desciibed a 
small epidemic ()ccurrin^i 4 in Kurmok, in the Sudan, on the Abyssinian border, 
and K'Cently such .m (‘pidemic has been reported from Ohina. 
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CHAPTER II. 

>ETIOLOGY. 

PRIiDISPOSING CAUSES. 

Kala-a/AR is ^ciKMally :i sporadic disease and its eiuleniieitv lias very 
special characteristics. 'The possibility ol the existence of chronic carriers of 
the disease in (aideniic centres should be bo. ne in mind. Patients with aiueinia 
and ojdema, but without enlargement of the spleen and liver and without 
fever have been observed in these places. Idiey Irirbour leishmania bodies in 
their blood and these may be carriers of the disease. 

It has been found in Mediterranean countries that the disease occurs 
during or imniediately after the period of dentition ((iabbi, Laveran). 

It has often been observed in children, following on an attack of ex.inthe- 
inatous diseases, such as measles or scarhd fevei* ((hibbi, Laveran). 

There are various conditions which hav^e a bearing upon the spread of 
infection : 

(1) Douicslic Condi lions. In the endemic areas of India the disease has a 
tendency to run in tamilies living in the same house. Indeed, it may be said 
that the disease tends to cling to the same household. In Lengal it does not 
always affect individuals living in the same house at one and the same time ; 
the husband may be attacked one year-, and the wife some years later. In 
Assam and sometinres iir Heirgal, several individu.ds may, on the other' hand, 
be found alfected at one and the same time. 

Similailv rn Italy and Sicily, though several attacks h.ive been observed iir 
the same family, yet childr'en in the same family living under similar 
surroundings and hygienic conditions and even irr the same bed, ar*e very r’arely 
or never attacked at one and the same time. This applies also lo the other- 
Mediterranean countries. In the Sudan it is also exceptioiral to lind more 
than one case in one family or in orre household, 'fire same may also h.ipperr 
among the sporadic cases irr the affected parts of Hengal, where orrlv orre 
member- of the family may be attacked, the others escaping iirfectiorr. It may 
sometimes be found that a Servant living in the sarrre house has sirffered 
from the disease previously. Some observers in Calcutta have found that 
only <i small proportion of cases give a history of another occupant of the 
same house having the same disease. In some cases, however, multiple 
infections have definitely occurr ed in Calcutta. 

(2) .IgV. — The age incidence is somewhat variable in different parts of the 
world. In the Mediterranean countries, and certain pi*ovinces of China, it is 
mostly infants that are attacked ; however, cases of adults contracting the 
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disease have also been reported from Malta, Cyprus, Sicily, Greece and 
I^iissia. (Archer, Philips, Habin^ton, Bassett-Smith, Christomanos, Gabbi, 
(h>iirko, Petrow and others.) In the Kgyptian Sudan older cliildren and 
early adolescents arc somewhat more frequently attacked than adults. In the 
rei^ion of the C.ispian Sea children and adolescents are alike attacked. Some 
of the available statistics in India and China are as follows : — 

In Mackie’s statistics, out ol 195 cases, 9 were i to 5 years of age, 100 were 
d to lo, .j9 were 10 to 15, [7 were 16 to 20, t 2 were 20 to 30, and 8 were 
over 31, that is 76 per cent, were between the ages of 6 and 15 years. 
In I\ogers’ statistics in his Assam series, 25*6 per cent, were under 10, and 
23*4 percent, between 10 and 20 years of age. Among the sporadic cases ol 
Indi ms in C'alcutta, (S pei- cent, were under 10, 40 per cent, between 10 and 
20, 32 j)er cent, between 20 and 30, 16 per cent, between 30 and 40 years of 
age, and only 3 jn‘r cent, above 40 years of age. In Chin.i, Cochrane found 
3J-d per cent, between i and 10, 29*6 per cent, between 21 and 30, 21*6 per 
cent. betw(“en 31 and 40, and only 3*6 per cent, between 41 and 50 years of 
age. In a series of hospital cases collected by me some years ago, nearly 
33 per e(‘nt. of the* cases were under 20 rears of age. Iii a subsecjuent series 
of iiS cases in the same lios[)ital, 3 were under 6, 20 between 7 and 12, 39 
betwc'en 13 and 20, 3<S between 21 and 30, and 18 above 30 yeais of age, 
that is, nisirly per cent, were under 30 yi-ars of age. Other statistic^ show 
that 50 per cent, of the eases are under 20, and that most of the cases were 
belwc'en 3 and 10 yeais of age. According to McCombie ^^)ung, kala-azar is 
also very widespi ead among children in Assam. I'he hospital statistics do not 
give an ac'cui ate idea ol I lie number of children alfeeled, and in consultation 
practice one meets with a much larger percentage of eases in children under 6 
and some even less th<in 1 year old. The lowcsst age at which the disease was 
observed by me was 6 months. 

During epidemics the disease f'lrobably attacks persons of various ages in 
propoition to their agt* distribution in the population. In Assam the 
proportion ol cdiildren allccted is said to be greater than in Bengal, but this 
requiiass lurthei investigation. It is quite ceitain that adults may be attacked 
in ['ilaces wlu'ie infantile kala-azar is most common, and I’icc rersa. 

(3) .SVa. In Calcutta tlu* number ol males .ivlmitted into hospitals is 
gieater than that ol lemales and, according to Rogers, in proportion to 
those of other diseases. In his statistics, among Icui'opeans there were twice 
.is many males as lemales .ibove the age of 13, but in children under 13 there 
were twenty-three lemales to thirteiMi males. In one of my series the numbei' 
ol lemales .idmittiai into the Calcutta C.impbell Hospital w.is less than could 
be accounted tor by the pi oportion of fern. lies admitted for treatment for other 
diseases. This was in p.irt due to the f.iet that this series contameil onlv those 
which gave jiositive results on spleen puncturi*, and this operation wms per- 
formed less frequently on female paticuits. In consult. ition practice the 
number ol .ilfected females is much less than th.it of males. Thus i^ut of a 
series of 120 c.ises observetl by me there were ninety m.des and tliirty females. 

Rogers found that among tea-garden coolie'^ there was no difference in 
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the incidence of tlie disease between the two sexes In China, Cochran saw 
only four females amon^ eighty-three cas(!s. 

In Italy statistics vary on this point. Gabbi fo nd women preponderating 
among his cases. According to Longe, Jemma ind his pupils, there is no 
particular difference. In the Sudan, females an- attacked only exceptionally. 

(4) Race , — No race is exempt from this disc ise. In a series of ii(S cases 
observed by me in the Calcutta Campbell Hospital, there were ninety- 
eight Hindus and twenty IMahomedans, which would make the proportion 
of Hindus to Mahomedans five to one, and this was found to be the [U'o- 
porlion of total number of Hindus to Mahonic* ns admitted to the hospital. 
In Assam, Mackie found that the Jain connniM;;. was free from this disease 
in the affected areas. Later on, howeva , ii v as observed among members 
ot the Jain communitvwho came from aliectv 1 areas ot Assam and elsewhere. 
In endemic are.i^ the coloured races are chieHy affected, and although the 
white races are 1 ot exempt, no epidemic has yet b *en observed among them. 

British soldiers in Dmn-Diuii camps were formerly affected, hence the 
name Dum-Dum ” fever. 

Hettei class Kiiropeans and Anglo-Indians are much less alfecti-d in Bengal 
than the poorer classes. In Assam, the lOnglish tea-planters are more 
t.eunentiy attacked than the Europeans in B>engal. ddie poorer classes of 
Indian Christians in Calcutta are frequent sufferers from kala-azar. A British 
high ofiicial, who had the disease in the Hnited Provinces, came undei' my 
observation. 

(5) CHuuilc iiud Scdsondl ///(/We/ztc. -Kala-a/ai* occurs only in warm 
countries (tropical and subtropical). In those parts of India wheia* it 
occurs the year may be divided into three periods, according to variations in 
the lainfall — the cold season from October to Maich, the hot season from 
March to |une, and the rains from |nne to Octobei . At the beginning of the 
cold season medium temperatures prevail generally. I'liese continue falling 
till [anuarv, except in the I^?ninsnla, where Decembei' is the coldest month, 
and then begin to i ise. In Madras the average temperature during the 
months of December, [anuary, February and March may range between 
75 ' K. and 8o^ E. 

The magnitude ol the annual variation of mean temperature in India is 
roughly as follows: about h'. in north-west India, about 15' h'. in the 
Peninsula, and about 20’ h\ in the other parts of India. In Calcutta the 
temperature r.mges betweei. a monthly mean inaximinn of 96’ E. (April) and 
a monthly mean minimum of 56° V, (|anu.iry). In Madras the corresponding 
values are qq**' E. (|une), and 68 V. (January). In parts of (he country some 
distance from the coast the range is naturally greatc'r. 

'rhe disease is foinad in districts which have a mild winter (60 E.to 75 'E.), 
and, according to Rogeis, cases occur during this season in proportion to the 
length of time that tlie cool weather lasts. It is found inland and in 
mountainous districts, as well as ahmg the coast. 

The rainy season, which is brought by the monsoon wind, begins in the 
last week of May, in Ceylon, Burma, and Southern India. In Centr.d India, 
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and llic* West Central Hiovinces, it he/^ins (hiring the second week of 
June, and in the north towards the end of June, fhe monsoon lasts until 
September, and in October the rains cease. It is duiinj^ this ])eriod that 
fewest cases oi kala azar occur, according to K^oi^eis. 

In my e\j)erieiice new case's came* to C.'impbell Ho>pital in Calcutta for 
admission throughout the vear. d'he larijest number of admis'^ions into my 
wards in that hospital weie from |une to October. In Rogers’ statistics tluMc 
were thiei* to four tinu's as many cases from Xovember to April as in tb.e 
remaining six months of the year. Accordin<4 to Oodds Price, evei v one o( 
his cases in Assam commenced during the cold weatliei. In the Sudan the 
disease appeal'^ to be more prevalent in the period followini^ the rains, i.e., 
between AuL»u>t and Oc'ccmber. 

In consi(h‘rin;4 the seasonal incidence of kala-azai', the lon^ incubation 
period of the disease has to be borne in mind. 

In Meditenanean countries the disease occuis chietly at the end ot the 
winter and in the sptin_<4 (last pc-riod of the rainy season) (Gabi)i). 

'I'lu* avera;^e temperatures in Sicily from Xovember to May are ^i^iven 
below : - 


Xovniilx-i 
! )(•( rmlx'i 
Jami.ii y 
lo bi II. II y 

Maivh 
.\pril ... 
M.iy ... 


.s.s'’’ !•■. 
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tn- 4 ^’ I*. 
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!•'. 
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Svr.icusi', 'rripoii, rrapam .ind 'runis have ap[>roximalely the same 
climati*. 

In the Meditenanean countiics east and south-c*ast winds ])redomin.ite in 
autumn, winter and s[n ini;', and north and north west winds in summer. 

In the Meditenanean countries the disease has a well reco.i;in/ed predilec- 
tion lor sea poi ts, which are connected with land on the east side. 

McCombie N'oun.i; considers that lumiidity lather than tempeiature is 
the clnel deti-rmmin;; f.ictor in the distribution ol kala-a/ar, but tempeiatiua*, 
c-speciallv mminnim lemperatun*, is also n\ some impmtance, and the 
I'onditioiis of temperature and humidity reijuind tor the transmission ol 
infection an* as follows : - 

(i) A considerable de.ijree of humidity, not les^, than is indicated by 
an annual mean relalix'e humidity ot (lo ju*i cent 

(j; .V monthly mean minimum relative* humlility which is not at any 
time less than 40 to 50 per cent. 

(0 A mean nmnthly minimum temperature* not lalllni; lowe'i* than 

so 1 . 

(6) I ! tihiliil iou iUhl /\»,s/7/e//. - Cp to what lK*ii;ht abt)\i* se*a le\el ha\’e 
i*ases of kal.i-a/ar been observed Rxact information on thi> point does not 
e*xist. In Sicily, Sii;ne‘r obsciveel cases m Marine o 013 metres almve se.i leyel, 
and in Saleml -it-’ me tres .d>e)ve it. rhe opinion that the* disease* does not 
occur at heii;hts over 2,ooe) ft. (heio metres) above sea level reepiires further 
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evidence in its support. Cases have heeii rejiorted to the author tVoin hii^her 
altitudes, but it cannot be detinitely stated where the disease was contracted 
by them. I\ecently Savai^e lias observed two primary cases of kala-a/ar in 
Sanawar, in the Simla Itills, at a heii^ht of 5,760 ft. above sea-level (i9:?7). 

In the Mediterr.mean countries the disease is more prevalent in districts 
near the sea. In towns, the outskirts and rural districts are most affected. 
In the Sudan the disease occurs in villai^es adjacemt to khors and rivers 
(Archibald, Bouslield, Thomson and Marshall). In Indi.i the disease 
(H'cuis more lreL|uentIy in villai^es than in towns, e.xcept in the citv of 
Madras, where there is a delinite endemic arc^a. .Sporadic cases have been 
observed in which the infection could be traced to C'alcutta. 'fhe disease was 
contiacted in dilapidated, ill-vt*ntilate I, ov(‘rcrowdcd houses, 01 insanitary 
bustees, or in houses adjoining them. In one or two places, a numl)er of 
houses near to a [larticular tank or pond were infeeded more than otiuMs. In 
India, a more or less lc)W-lyin<4 district with a damp climate and a lK‘avv rain- 
fall, in the nei^i^hbourhood of stajL^'nant or runniipL( water, seems favour.ible for 
the proi^ress of the disease. In Italy the infectetl houses are Generally 
overcrowded, ill-ventilated, and occufMed by domestic animals, espc*cially 
d(),i;s. 

Archibald has shown that in the .Sudan the disc. ise occurs in characteristic, 
limited, endemic areas, ddie researches of Laveran, h'ranchini, Kantham and 
Porter su^4^t;est the possibility of the distribution of the disease beini^ in some 
way connected with the presence of cysts of the herpetomonads of ccatain 
arthropods in the water. 

(7) Occupation and Social Position. The disease is specially I'ommon 
amonu the poorer classes, such as workmen and a.i4ricultuial laboui ers, but it 
is also not uncommon amonu the middle classes in India. In Italy it is found 
more fre(.[uently amoiptj workmen and peasants. 

Napier has i^iven a list of complicated f.ictors which he considers play a 
part in determinin,<4 the spread of the dise.ise by means ol a hypothetical 
transmitter. They raise an e.xtremely comple.x and perplexin,i4 problem. 
Some of the f.ictors supposed to h.ave a bearin,^ on the incidence of the 
disease .are different in towns as comp.ired with rural districts. Others, such 
.as an altitude of less th.an 2,000 ft. above the sea-level, oj' keepin/^ (d' chickens 
or ducks in houses, do not apjHxir to be essential factors, and, as has been 
pointed out by Charles Voimi^, it is doubtful how far some of the data foi luu- 
lated by Napier are relevant to the cpiestion of infla tion. 'Fhe |ain and 
M.arwari community, who never keep ducks or chickens in their houses, 
are not immune. 



EXPLANATION OF THE DIAGRAMS ON PLATE V. 

1. Mononuclear cell from the spleen with Leishman-Donovan bodies. 

2-3. Smears of spleen pulp, containing various forms of the parasite, 
nchidin^ small torpedo hjrnis. 

4. A later stage in the development, showing cell division in progress. 

5. Group of young parasites. Helow, some flagellate forms. 

6. Small grou[i of ov^al forms ; none flagellate. 

7. Young flagellate forms. 

First stages in cell division of flagellate forms. 

9. Further progress of cell division. 

10. Mature flagellates with dividing forms. 

11. Group of flagellates. 

I 2. Rosette formation. 

13 and 13^/. Mature flagellates with chromatin granules 
14-16. Mature flagellates. 

17. Flagellate from which spirillar foi ms are forming (Leishman). 

17^/. Spirillar form (Leishman). 

i»S. Folyniorphonucle.ir leucocyte containing Leishman-Donovan bodv. 

19. Cell of spleen pul[i containing many Leishman-Donovan bodies. 

20. Kndothelial ca^ll containing a large number of Leishman-Donovan 
bodies. 



PLATE V. 



Stages of development of L. donoifani in culture. (ModiBed from Leishman and Statham.) 
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CHAPTER III. 

>CTIOLOGY (confiniiL’il), 

THK CAUSAf. MICRO-ORGANISM. 

Thk history of the development of oiir knowledi^e of the causation of tlie 
disease has already been descrdied. 

The parasite of kala-azar is similar to bodies found in oriental sore, by 
Cunningham in 1S85, by Firth in 1891 and by Wright, of Boston, in the 
tissues of tropical ulcer in 1903. The parasite occurs in the tissues of man as 
a non-dayellatcd body, and Rogers was the first to point out that when 
cultured under special conditions it could develop into a flagellated stage. 

It was originally supposed that the parasite found in patients suflering 
from kala-azar in India was different from that found in infants in the 
Mediterranean countries, and accordingly two diseases were described : — 

(1) Indian kala-azar. 

(2) Infantile kala-azar of the Mediterranean basin. 

The former was supposed to be due to Lcislnnanid tlonovaiii and the 
latter t(^ Lcishnuinia iii/aiitiiui. 

The fact that the disease is prevalent among infants, especially in the 
Mediterranean districts, and among adults in India, and the supposed relation- 
ship between infantile kala-azar and canine leishmaniasis, supported this view. 
But in more recent years it has been proved that adults also suffer in the 
Mediterranean countries. Similarly children under the age of one year have 
been attacked in India. The modern view is that of Cabbi, Wenyon and 
others, who hold that all forms of kala-azar are due to one and the same 
parasite. But this does not explain why the incidence of the disease is 
greater anumg infants than among adults in one part of the world, and 
yicc 7 rrs(i. This fact still remains unexplained. 

ZOOLOGICAL POSITION, MORPHOLOGY, AND DEVELOPMENT OF THE 

PARASITES. 

The parasite was considered by Ross to belong to a special genus 
Lcishiudnid (1903). Rogers, and subsequently Patton, thought that it 
belonged to the genus Herpetotnonas. The name Hcrpctciuouas douovaui 
was suggested by Laveran and Mesnil (1903). Other classifications now 
abandoned were, Moiiadiilcv (Cunningham, 1885), PiroplnstiKi (Laveran and 
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Mrsiiil, i(;o3), ! I ch'osouKi (W’iiLiljt, M ii rosf^onili iini (Cliristopliers, 1904), 

I'lypanosoiiKi (Lcisliman, 1903). 

k(*cc*ntly Christophers, Shortt and Harraiid have still adopted the name 
Hcrpctouioiids tionovdni (\i)i()). Wenyon, however, considers that the inclu- 
sion of Lfislinidiiid in the <4enus llrrpctotiioiid^ cannot be admitted, as the 
members of the ^^enus U a pcloiiicdui'^ have definite trypanosome sta^^es wliich 
do not occur in Lcisliindiiiii (PROTOZOOLOGY, 1920). 

MORPHOLOGY AND DEVELOPMENT. 

'File Ceishman-Donovan body is a small ovoid or rounded ori^anism. 
ddie size of the parasite varies considerably. When spherical, it measures from 
I to 3 mici'ons in diameter. More usually it is ovoid, with tlie lon^ diameter 
measurin^^ 2 to 5 microns and the shorter 1*5 to 2*5 microns. Sometimes it 
presents torpedo-like forms, especiidiv when blood and not pulp is drawn by 
spleen puncture. It consists of a mass of cytoplasm covered by a delinite 
membrane. On staining with (jiemsa’s stain after treating in methyl alcohol, 
it shows two chromatin masses, one larj^er than the other, enclosed in a mass 
of cytoplasm. 'The larf^ei’ chromatin mass is the nucleus oi' macro- or tropho- 
nucleus, and the smaller one is the micro- or kinetonucleus, or kinetoplast. 
'Fhc former is a more oi‘ less spherical body lyin^ a<4ainst the membrane and 
IS somewhat llattened on this side. The kinetoplast is usually rod-shaped, 
and is either at i\L!ht aiy^les, or at a taiyj^ent to the macro-nucleus. It stains 
more deeply than the latter. It may also appear as a point. One or more 
vacuoles may be present in th<? linely ^r.mular cytoplasm. 

In deeply stained par.isites a red line can be traced from the blepharoplast, 
which lies ne.ir the centre of the kinetoplast, to the surface of the parasite. 
'Phis is the axoneme which i^ive rise to the llai^ellum in culture. 

M nltipUcdtiou,--'V\\<.' parasite multiplies by simple fission, which is always 
preceded by elongation, and the division of the macro- and micronuclei, aud 
tlu‘ plane of division is always longitudinal. 

Some forms, having attained a larger size, apparently appear to undergo a 
process of multiple division. These are almost circular, and have as a rule 
six chromatin masses, three large aud three small, the former being placed 
round the peri]diery. According to Wenyon, the bodies showing multiple 
segmentation probably represent detached portions of cytoplasm of the large 
cells containing leishmania. 

'fhe parasites, as they occur in man, arc probably almost invariably intra- 
cellulai . 'Fhey grow and multiply widiin the host cell, causing it to enlarge 
and then to disrupt after disiutegration of the nucleus. After being set free 
the p.irasites are t.dxcn up by the endothelial or the polymorphonuclear or 
large mououuclear leucocytes. In smears they are often seen free, or in 
clusters of various numbers, sometimes arranged with great regularity. 
Sometimes as many as 50 to 200 or even more parasites are found together, 
embedded in a structureless matrix or stroma, probably the remains of the 
original host cell. 
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Morphology ami Development 

The following description of the development of the parasites is mostly 
taken from that given by Leishman (see Plate V) : — 

In his observations the bodies obtained by splenic and liver puncture were 
incubated under aseptic conditions in test tubes, each containing i c.c. of a 
4 per cent, sodium citrate solution, at a temperature of 17 ' C. to 22^ C. 

After two days the little oval parasites begin to grow, aiid their protoplasm 
takes on a deeper blue stain, becoming opaque and more granular, 'rhen 
they commence to enlarge but retain their original shape. This initial 
enlargement with the retention of the original shape is due in part to the 
enlargement of the macronuclcus, which is followed by an increase in the 
quantity of protoplasm, which now stains blue more deeply than before. The 
niicronucleus appears somewhat enlarged, but retains its original characteristic 
shape. A marked feature in the development is the early appearance of 
vacuoles in the protoplasm, which persist in all stages of development (lig. 1). 
These were not observed by Rogers. Growth at this stage is very rapid, the 
protoplasm and macronucleus both continuing to increase. The chromatin 
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becomes loosened and stains less deeply, but there is no further alteration of 
the micronuclcus at this stage. 

From the earliest stages even in very young cultures, multiplication by 
fission occurs. The first sign of this fission is seen in the macronucleus, 
which becomes successively elongated, constricted in the middle and finally 
separated into two distinct parts. Similar division of the micronucleus 
follows. This may, liowever, sometimes precede the division of the macro- 
nucleus. Schul/ maintains that tiie nucleus divides by mitosis. The process 
of fission is completed hy simple cleavage of the parasites into two “primary 
parasites.” Sometimes one may give rise to three or even four new individuals 
by a process of further subdivision of the macromiclei and micronuclei. 
Many of these developmental changes up to and even beyond this stage may 
take place while the parasites arc still embedded in the protoplasm of the 
splenic macrophages. Christophers also described secondary fission forms, 
composed of bodies of varied sizes, as contrasted with primary fission 
forms. 
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'The ila^ell.ilccl sta^^c rarely appears before the third day, but may occur 
within twenty-four hours. 

The lirst stage towards flagellate formation is an alteration in the shape 
of the parasites. They become elongated, being usually thicker at one 
end than the other, and (jften distinctly pyriform. Sometimes fiiigellation 
may take place while the parasite is still definitely circular in form. Pdagel- 
lation is a very rapid process. At first there appears a circular pink-staining 
aiea in contact with one side of the micronucleus, which mav sometimes be 
more diffuse and merg(* in the blue-staining protoplasm of the parasite. 
Sometimes this pink /one may attain a si/e ecjual to half the diameter of the 
parasite itselt. It has been termed the ^‘flagellar vacuole.” Following on 
this enlaigement of the vacuole, there is rupture of the tliin rim of protoplasm 
which forms the external border of the parasite, and proti usion of part of the 
contents of the vacuole in the form of a fringed process, or tuft, of the same 
staining reaction as tfie contents of the vacuole, and also of a fully-developed 
flagellum, and having the appearance of a bunch of pale pink threads, 
emeiging from the neighbourhood of the micronucleiis, passing onwards 
thiough (he partially collapsed flagellar V'acuole, and })rojecting clear of the 
body of the parasite. The filaments united and formed the rudiments of the 
flagellum. VVenyon considers that these appeaiances are probably artefacts 
due to a luptuie of the vacuole, and that the axoneme, which is sometimes 
visible in the leishmania, continues its growth and extends through the surface 
of the parasite to form the flagellum. 

In the next stage, the flagellum tapers slightly from its origin at the 
bottom of their flagellar vacuole towards its tree extremity, while its length is 
now hall (hat of the parasite. Tlien it grows raj'iidly. in some of the 
fiillv -developed parasites the flagellum apjiears to be inserted directlv into 
the protoplasm of the parasite, near to, but not directly connected'^ with, 
the micronucleus. 'Vhc flagellum always arises from the rounded end of 
the parasites, and projects at once clear of the body. When the parasites 
move they advance with the flagellar end foremost. 

A characteristic feature of (he cultures is that the flagellates tend to remain 
clustered in groups, with their flagella directed towards one another, so that 
rosettes or spheres ot organisms are formed with the flagella entangled at the 
centre. Wenyon considers that the fully-formed flageliate is flattened like a 
blade ol grass. Sometimes one edge of tiie organism is convex and the other 
slightly concave, giving it the shape of a curved sword blade. 

Considerable variations in the shape and structure of the macronucleus 
are lound. It is dembtful whether these are due to a sexual differentiation 
among the flagellated forms. The macronucleus is generallv granular, and 
in many cases there is a wreath or ring of chromatin granules enclosing a 
non-graniilar central /one. 'I'hese granules are most probably chromosomes. 

In many of the parasites small chromatin dots, distinct fnun the macro- 
and micronucleiis, are tound in the protoplasm. 'rhey tend to occur in 
pairs, and resemble small diplococci. 

Multiplication by longitudinal fission occurs during the flagellated as well 
as during the non-flagellated stage. 
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A curious process of unequal longitudinal fission has been observed in 
some of the mature flagellate forms, and in this process the nuclei of the 
parent did not appear to play any part. The result of this process was the 
splitting off of a spirillum-like parasite from one end of th(‘ mature parasite. 
Wlien newly separated, they are destitute of a flagellum, but it is subsequently 
developed, and these forms are very motile. Leishman eonsideis that it is 
possible that these may undergo a further process of longitudinal division, 
giving rise to ultra-microscopic bodies (Plate V, 17, lya). 

The flagellates possess no undulating membrane, as do trvpanosomes. 

No process of the nature of conjugation was observed bv Leishman. The 
body of the fully-developed flagellate is 14 microns to jo microns long, 
and in the average 2 microns broad, while the flagellnm is ib microns to 
24 microns long. 

The following is the most recent description of the morphology and life 
cycle of lA'isInudiiin ilouovdni, as giren by Christophers, Shortt and Parraud. 

The usual length of the body of the parasite, measured in wet fixed films, 
varies from about 9 to ib microns, but stumpy forms mav be as short as 
5 microns. The breadth is usually about 1*5 microns, but may reach 2 microns 
or more in stumpy forms. The broad forms are often preparatory to, or 
actuallv in process of division, but broad forms giving no evidence ol division 
occur. The length of the ilagellum is frequently about the same length as 
the body and rarely exceeds twice this, exct‘pt in globular or subglobular 
forms, where it may exceed four times the body length. (Christophers, Shoitt 
and Harraud.) 

ORIENTATION. 

The Leishman-Donovan body, as seen in spleen smears, is a globular or 
ovoid parasite, having near the surface dorsally a kinetoplast with a parabasal 
from which a rhi/oplast extends anteriorly, and ventrally a irophonneleus. 

The troplionucleus and parabasal are silnated at opposite poles on the 
periphery ot the parasite and the rhizoplast is peripherally situated and alw.iys 
runs in a direction at right angles to the long axis of the parabasal. 

'Fhe troplionucleus often shows an indication oi being double. I he 
arrangement of the parts may vary, the divided portions often being moie 
or less anteriorly and posteriorly situated, though they are freiineiitly seen 
symmetrically arranged on cither side ol the sagittal plane. 

The rhizoplast is a linear structure about half the diameter of the paiasitc 
in length. It may appear straight, but is more frequently seen as a somewhat 
curved raphe-like line. It is probably at, or very close to, the surface what- 
ever its position may appear to be. 

The flagellar vacuole lies deeply situated between the rhizoplast and the 
troplionucleus, more or less in the hollow of the curve of the rhizoplast. 

When the Leishmaii-Donovaii body is seen as an elongate, oval or 
torpedo-shaped form, this elongation has usually taken place in an antero- 
posterior direction, so that the troplionucleus and kinetoplast are left closely 
approximated in the middle zone of the parasite, the rhizoplast lying in the 
long axis of the body. 
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Fhiiiellatt' 'Flic orientation of the ilagellate form closely conforms 

to that (lescribed for the Leishman-Donovan body, but the parasite is now 
greatly elongated in an antero-posterior directiem and the distribution ol parts, 
as described for the Leishman Donovan body, is modified in the following 
respects. 1die parabasal with the rhizoplast and flagellar vacuole are carried 
to the anterior extremity of the body and separated trom the trophonucleiis, 
but they still maintain an orientation very much as described in the Leishman- 
Donovan body, i.e., the base of the flagellum (rhi/oplast) is near, if not on, 
the surface, whilst the llagellar vacuole lies deeper in the sagittal plane. The 
parabasal, if elongated or double, has its long diameter in the transverse hori- 
zontal axis. The position of the trophonucleiis is difficult to determine. In 
sections it is most frequently markedly eccentric ; the section of the parasite 
being circular, the trophonucleiis, also circular in cross-section, is applied at 
one point to the periphery of the parasite. In films it is possible to find 
examples where the ti ophonucleus appears to be so applied, but on the other 
liand, even where the* kinetoplast is seen at the side, the trophonucleus appears 
more or less central in position. 

SHAUK OP' TIIK PARASITE. 

'flic shape of the flagellate form of the parasite varies considerably, but is 
on tile whole fusiform with the anterior end, from which tlu‘ flagellum arises, 
more bulky and obtuse than the posterior. Many developing forms are sub- 
globular. Division forms arc often spindle-shaped. Certain forms are almost 
spiroch;ele-Iike, the body being very little broader than the flagellum. 

Viewed under a high-power binocular microscope, the body of the parasite 
appears thick and voluminous, like a liladder filled with fluid, as it does also 
under dark-ground illumination, k'olded-over forms that suggest a flattened 
shape are most probably due to torsion constricting the parasite. 

Xot uncommonly the body exhibits a twist in its length, giving a cork- 
screw-like effect. 

thp: cytoplasm. 

'riu‘ cytoplasm, as seen in wet fixed preparations stained with iron hiema- 
toxylin, is finely vacuolar or reticular in structure, and a few small, more 
distinctly visible vacuoles are generally present, especially posteriorly. In 
certain forms, considered degenerative, vacuolization is distinct. In (jiemsa 
preparations most parasites contain a v.iriable number of granules which take 
on a stain with Giemsa very similar to chromatin (azurophil). These granules 
are most numerous in the posterior portion of the bodv, but also occur 
anteriorly. The granules are also numerous and conspicuous in the round 
forms. 

Almost invariably in suitably stained preparations there is present in the 
tully-developed flagellate in the anterior portion of the body an obliquely 
placed clear clett-like streak. This passes from the neighbourhood of th.e 
tnqihon Helens obliquely forwards towards the flagellar vacuole. Somewhat 
similar streaks may sometimes be seen in other parts. The appearance and 
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situiition arc certainly sii.i^j^csfivc that this deft may be of the nature of a 
cytostome. 

A peculiar appearance often shown by the cytoplasm is a loiyijitiulinal 
division of the body of the parasite into two portions, one moi e lii^htly stai ;iinj^ 
than the other, or in Giemsa preparations showing a different tint, 'riie 
appearance is due to different structures formin^i; the bodv y'uh axostvlar 
body). 

In addition to the reco^iii/ed organella', there aie frequently to be seen in 
the cyto[)lasm of both the fully-developed tia^^ellaie and of the stumpy forms 
certain rather obscure lines, chromatinic in character. 

Two different lines appear to be distinguishable in the anterior portion of 
the body. One of these is a line pa^sin^j^ more or less directly fiom the 
neighbourhood of the trophonucleus to die neighbourhood of the parabasal. 
The other is a line passini^ from the neiLfhbouihood of the trophonucleus 
apparently to join the flai^(‘IIum. A dark line may also often be seen extendiiyj4 
posterior to the nucleus. The lines appear to be due to structures about tin* 
base of the tla.^ellum connected with the axostylar body or its rudiment. 


THE ORGANELL/E. 

The Troplioiiiiclcus , — The trophonucleus is typically circular or oval in 
shape. In elon,<>ate forms it may be compressed so far as to appear linear. 
With a moderate degree of differentiation of the iron hamiatoxylin preparation 
the trophonucleus appears as a clearly differentiated circular or ov*il area. In 
some cases this may be surrounded by a paler zone of cytoplasm. With 
further differentiation the black area, which represents the whole nucleus, 
becomes resolved into a more or less central dark portion, karyosome, and a 
lighter staining peripheral portion. The trophonucleus varies in appearance. 
Two types of nuclei can be distinguished, depending u[U)n the condition of 
the karyosome. In Type I nucleus, the karyosome is present as a conspicuous 
globular body approximating to one-half or one-third of the diameter of the 
nucleus. In 'hype II nucleus, the karyosome is more delicate in appearance, 
as well as less simple in form. In this type of nucleus the karyosomic mass 
is associated with a rod-shaped structure (centr()desmose). The appearances 
for the most part can be placed under one or other of the following lieads : 
{a) The rod is unilaterally situated in respect to the karyosomic mass, giving 
a drumstick effect, (h) There is a rod with a medianly situated karyosomic 
mass (Saturn-ring effect), (t) The karyosomic mass is divided and the two 
portions lie at either end of a centrodesmose (dumb-bell effect), (ii) Various 
intermediate effects, e.g., a short unilateral centrodesmose. 

The two types of nucleus are commonly bridged by intermediate appear- 
ances. Thus, in a nucleus otherwise of Type I character there may be a minute 
accessory granule, or there may be two such granules. A very common 
appearance is such a granule joined to the karyosome by a short connecting 
rod. In addition to the above there is commonly seen a large karyosome 
mass associated with a smaller mass of perhaps half its size, or there are two 
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closely approximated nearly equal-sized masses, or a bilobed effect of the 
karyosome. f)ccasionally the karyosome has the appearance of a cross. 

All the appearances are the result of different arrangements of the 
following : (a) A nuclear membrane enclosing nuclear material ; {h) a 

karyosome mass which undergoes division ; (e) an intranuclear centriole 
which may be present as a single body, or as two bodies when divided, one 
or both of which may be external to the karyosome ; and {d) a centrodesmose 
joining the two centri(des when present. 

Kinclopld^L — Includes all the structures connected with the base of the 
tlagellum : (n) A clear vacuoiic area, tlagellar vacuole ; (h) the [)ai abasal ; and 
(r) the base of the tlagellum, rhizoplast, with, under certain circumstances, a 
terminally situated granule ; {d) blepharoplast. 

i'ldilcHdr Vantolc. — At the base of the liagellum is a clear vacuole to be 
seen in the living condition and in stained preparations, fln^idhir vdcuoJc. 
The tlagellar vacuole is generally about half the width of the parasite in 
diameter. Most frequently it is seen occupying a position at one side of the 
body, in which case the extreme basal portion of the liagellum passes around 
and external to it. It is extremely conspicuous in the early stages of develop- 
ment of tin* llagellate. On the nuclear hypothesis, the llagellar vacuole would 
represent the actual nuclear sac. 

P(jr{ih(iS(d . — 'Phe parabasal is a body about half the diameter of the tropho- 
nucleus. It is usually in the form of the two equal-si/.ed, closely approxi- 
mated or connected masses, but is sometimes rod-shaped or may appear as a 
globular, triangular or heart-shaped mass. The parabasal appears to be very 
closely connected with the llagellar vacuole, and may be described as lying on 
the dorsal wall of this structure, usually occupying a posterior position. 

FlitilcllnuL — The liagellum is seen as a more or less uniformly staining 
untapered lilament. Its apparent width varies with fixation and staining. 
At its basi* the liagellum passes round the llagellar vacuole on its dorsal 
aspect, and usually appears to join one side of the parabasal. As a rule, 
especially in wet fixed films, the flagellum appears to pass into the parabasal 
without any break. In cei tain cases, a minute gap may be seen between the 
abrupt termination of the liagellum and the paiabasal, the a{)pearance being 
as if a small vacuole were interpolated in the substance of the liagellum at its 
extrenu‘ base, ruder certain circumstances a minute stained particle can be 
seen at the basal termination of the liagellum, hlcpItdropInsL Whthin the 
cytoplasm the flagellum becomes rather suddenly somewhat thinner, where it 
has the a[>pearancc of passing along the wall of the llagellar vacuole. Where 
the sheath of periplast is continued on to the flagellum, it often stains rather 
darkly, giving the effect of a funnel-shaped collar round the base of the 
liagellum. In its passage over the flagellar vacuole the extreme base of the 
flagellum, instead of being constricted, as just described, is often considerably 
expanded, so that it appears to end in a gradually broadening cone in its 
passage towards tin* parab.isal. This appearance is .issociated with division. 
At its tree terminal extremity the flagellum often shows a slight club-shaped 
thickening veiy suggestive of an organ of attachment. 
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Axo^iylar Body of Cliristoflicrs, Sliorff and Barraiid , — A body that can 
scarcely be given any other designation exists in this parasite. Especially in 
Giemsa preparations, the body of the parasite frequently shows differentiation 
of the cytoplasm in such a fashion that a distinct ribbon-like darker stained 
band can be seen passing from the parabasal dorsally over the trophonucleus 
to the posterior portion of the parasite. In most preparations where there are 
many parasites, a number of peculiar bodies may be seen which consist of 
flagellum, a parabasal granule and a sharply defined fusiform prolongation, 
'riiis prolongation is usually much the same shape as the body of a parasite, 
but of about half the thickness. The whole structure in tpiestion may be 
mistaken for a llagellate. It will be observed, however, that the fusiform 
structure resembling the body of a para dte has no nucleus. It is a surface 
structure rather than a core. 

As a result of study of the apparent tiiiK relations lH‘tween v.irious details 
of division of the parasite during ciilture, the following schema has been 
constructed by Christophers, Shorlt and Harraud, it being understood that 
in the schema the two newly-formed parasites after stage i 1 are again at 
stage 1 
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TYPES 

OF PARASITES SEEN 

IN CULTURE. 



I. — Unaltered Leishman-Donovan bodies. These are found in early 
culture periods only. 

II. — Early flagellation forms. These may sIk^w all stages of flagellar 
formation short of the full development of the flagellum. These forms arc 
globular or ovoid in shape. They vary in size from those little larger than a 
Leishman-Donovan body to large predivision forms. 

III. — Stumpy forms. Short subglobula?', pear-shaped, oval or very 
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frcciiiently broad, symmetrical spindle-shaped forms with well-developed 
Ha^elliim. 

IV. — 'Fusiform multiplicative forms : {a) Floiij^ate oval or torpedo-shaped 
forms, {b) spigot-shaped forms; with length exceeding three times the 
breadth ; body with anterior and posterior portions not very dissimilar 
{a form), or with posterior portion more attenuated (h form) ; lla^ellum as 
lon^ as body or longer. 

V. - -Mature lla^ellates. Lar^e tlayellates with length five to six times the 
breadth. 

VI. — Globular or sub^lobular tl.i^ellate hjrms. Very small forms without 
a tla^^ellum oi* in process of losing this and with (usually) one chiomatin mass 
of relatively lar^e si/e. As a possible resistant or encysted sta,^e, this form 
has considerable impoitance.' 

( 7 ) I)e,i;enerative forms, 'file following types of parasite appear to be 
de^^*neralive forms : {a) Lar^e fusiform or rhomboidal ; forms with 
vacuolated cytoplasm and (jiten a straight tla^ellum. {b) Pyriform bodies, 
with vacuolated cytoplasm and dejLfenerativc appearance with lon^i; tlai^elhim. 
(c ) Lar^e globular forms, 3 microns or more in diameter, oftc:n with irregular 
nucleus and Ha^ijelhim several times diameter of the body. 

IJFK CYCLK OK THE UAKASITE IN CUI.TIJRE. 

In liquid medium, up to the second day, only developing alia, e;ellate forms 
( hypes 1 and II ) were present. On the third day there appeared in addition to 
these a number of 'hype Ml (stumpy forms) and lype 1\' (fusiform multiplica- 
tive forms). From the fourth day onwards thedominani forms were Types 1\', 
\' and 111, of which the lirst two were in general in great excess. Type 1\’ 
reaching a maximum before Type \\ d'he atlagellate (cystic ’::') forms ( hype \'l) 
are not seen until the eighth day. As regards the mature Hagellate forms 
('hype V) a few were seen as early as the third day, but this form reached its 
greatest numerical prevalence rather late in the culture, i.e., on the eighth day. 

In the lirst stages of the development of leishmania cultivated on 
X N N medium, Franchini observed that small annular bodies were present. 


’ C'h^i^toplK•^^, .Shortl and lianaud have obNLTved lli.it whilst the liciiLial life t)f the 
culture has reached a uiaxiuuiiii by the tenth day, and has apparently become extinct at 
a Liter period, there is one form of the p.irasite that seems especially associated with the 
later sta,i»es. 'I'hese .are the () bodies described by Row. 'I'liese forms seem to make their 
lirst appearance when the culture has reached its /eiiilh, i.e., about the ei^iihth day or later, 
and they become increasinv»ly numerous as the culture ai>es up to a point. In their most 
recent paper Shortt and others have shown that all the allagellate forms found 

in oilier cultures, and cl.issed together as () bodie>, are not necessarily identical in structure, 
since some m.iy consist of trophonucleus anil cytoplasm only, while others may include, in 
.idilition, axoneme and parabasal. In the case of /.. Jonoviini they believe th.at the O bodies 
are end-products ol degeneration and are not viable. Attempts to make subcultures of 
/.. (ioiiornni in which all active tlai^ellate forms had disappeared have always, in their 
experience, been unsuccessful. 
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They resembled yoiiii]^ mahiriiil parasites. They contained one or more 
chromatin granules. Nuclear masses and llagella did not develop until later. 
In older cultures (thirty to forty days) tiagellate forms were not so numerous. 
There appeared in their place a circular form, which Franchini considers to 
be an encapsulated form. In cultures eighty days old, the circular torms, 
non-llagcllate and without a kineto-nucleus, were the only ones present. 
These have only one chromatin mass. 

Di Cristina and Cannata hold that in young and old pure cultures, two 
different forms arc present. One is an elongate form, and the other a 
pear-shaped non-Hagellate body, the latter being considered by them as 
being possibly sexually different tr<)mthe lormer. Mar/anowsky and Wenyon 
have recognized both these fe)rms in cultures of LcisliiiiiUiia tropicn, 
!)i Cristina and Cannata also call attention to certain forms which they 
regard as showing evidence of a sexual process. These are spherical forms 
containing chromatin granules besides the nuclei. They think that the 
granules indicate a maturation process in the prepar.ition ol gametes wluch 
conjugate in anisogamy and give rise to atiagellate torms. 

Rogers and Nicolle found that 20'^— 22^"^ C. was the optimum temperature 
for the development of leishmani.i, up to the llagellate stage. Franchini 
found temperatures of 18 ^ and 22*^ — 28 C. favourable lor the development of 
the parasite. Young and fairly old cultures will grow and develop for a few 
days at a temperature of 30 ' C. Between 37° and 40 C the llagellate forms 
and young cultures die. In old cultures a few of the flagellates may survive 
a temperature of 45'’ C. for a short time, and can be subcultured (h'ranchini). 
Di Cristina has found that young cultures can withstand a temperature of 
37" C. for twenty-two hours, whereas at a temperature of 42*-' C. they die after 
one hour’s exposure. 

At blood he«it the Leishman-Donovan bodies die out in a day or two. At 
27“ C. they live for several days and api^ear to multiply considerably. At 
22 C. the parasites multiply rapidly and also increase in si/e and subsecjiieutly 
develop into a flagellated stage. Below 15'’ C the development ceases. 

Fresh human serum destroys leishmania (Archibald and Cornwall), and 
acc(^rding to Cornwall the serum of goats, sheep and guinea4)igs has the same 
action. On the other hand, the parasites are not destroyed by the serum of 
rabbits, dogs, cats and hens, 'riiis action of serum is lost by heating it for 
half an hour at 55'^ C., and is not restored by addition of complement. Olsen 
did not find the serum of moribund tuberculous subjects, or of experimental 
animals, or the cerebro-spinal fluid of healthy men had any destructive action 
upon leishmania, but he found exudates and transudates had this property. 

MEDIA KOK THE CULTIVATION OK THE I’ARASITES. 

Sterility is an essential factor for the development of the parasites ; the 
presence of bacteria, especially stapliylococci, destroys tlie parasites of both 
Indian and infantile kala-azar. Spagnolio found that the parasites of infantile 
kala-a/ar grew in the presence of Micrococcus inelitc/isis. Water kills the 
parasites. Moulds and fungi do not interfere with their development. They 
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quickly degenerate in the tissues after death. They have been cultured by 
Archibald from the splenic material three hours after death. 

Rogers found that normal or slightly hypertonic saline was most favoiir- 
able to the growth of the parasites, and that the growth was most abundant 
in a slightly acid medium. 

Later on, Novy and MacXeal suggested agar-agar with rabbit’s blood. 
'File parasites develop exceedingly well in tubes of this medium. Nicolle 
found that the parasites grow best in what is known as X X X agar medium. 

The following is the formula for the preparation of this medium, as 
recommended by Shortt : 14 grm. of agar are soaked in distilled wat(*r 
for twenty-foui* hours, followed by two changes of twelve hours each. Surplus 
water is decanted off and 6 grm. of sodium chloride added and distilled water 
poured in to make up the weight to 914 grm. (In 1923 Shortt recommended 
the addition of 2 5 grm. of glucose to the above.) “ The medium is now 
autoclaved at 15 lb. pressure for twenty minutes, and when required for use 
is tubed and ag.iin autoclaved. After liquefaction in a water bath and cooling 
to 52 C., rabbit’s blood obtained by cardiac puncture is added to each tube 
to the extent of one-third the volume of agar used. The tubes are mixed by 
lolling, and sloped until soliditied. 'fhey are then placed over-night in cold 
storage or on ice, after which they are capped and incubated for twenty- 
four hours at 37 C., when they are ready for use. ’’ 

Row has used detibrinated rabbit’s blood laked with 8 to 10 parts of 
distilled water and (hen mixed with 2 parts of r2 per cent, salt solution kept 
in a water bath at 56'^ C. before the laked blood is added to it. lie has also 
used human blood in place of rabbit's blood. 

The parasites can also be cultivated in Kligler’s medium, which is made as 
follows: (ij Mix dextrose, 0*1 grm.; nutrient agar, 10 c.c. ; normal saline, 
90 c.c. (2) 4*5 c.c. of the above are pul in separate test tubes. ^3) Sterilize 
in steam sterilizer. (4) 'Fo each tube add .> c.c. sterile rabbit’s blood serum. 

\ arious other media that haw been tried need not be discussed here. 

STAIN1N(; OK KLA(;ELLATKS (JKOWN on NNN MKDIU.M. 

The usual procedure is to wash tlie tiagellates in salt solution, to centrifuge, 
and stain the deposit of tiagellates. 'Fhe following method is a very simple 
one, and demonstrates clearly the tiagellates which are present in the tliiid 
part of the medium, as well as tliose in the solid parts (Shortt). The details 
are as follows : — 

(1) A loopful of the Huid containing flagellates is placed on a glass slide. 

(2) F'our loopfuls of ciliated physiological saline are added and mixed 
thoioughly with above. 

(3) 'Fhe liquid is then spread over an area of j" st|. 

(4) It is then lixed for fifteen seconds in the vapour of 4 percent, osmicacid. 

(5) Tile preparation is dried in air as rapidly as possible. 

(6) It is then fixed in methyl or absolute alcohol. 

(7) It is washed with distilled water, in order to remove any salt. 

(8) The preparation is then stained with (jiems.i or Romanowsky. 
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riic last stain, employed in three stages, i>ives especially j^ood results. 
The following method of K*omanowsky staining, described by Shortt in igj8, 
gives very brilliant results : — 

(1) The preparation is stained for two minutes in eosin solution. Poly- 
chrome methylene-blue is added and the two stains are mixed and left for 
another two minutes. 

(2) The preparation is then rinsed in distilled water. It is then stained 
lor half a minute in fresh eosin solution. Polychrome methylene-blue is 
added, mixed and the stain left for one minute. 

The preparation is rinsed in distilled water, and stained again as in (2). 
Finally the preparation is washed in distilled water, until the correct degree 
of differentiation is obtained, and then dried with lilter paper. 

STAINING OF TISSUES CONTAINING LEISHMANIA DONOVANI. 

'fhe parasites may be stained in tissues by iron h.ematoxylin oi‘ 
Leishman’s or Giemsa’s stain (Shortt). The following method of lixing 
fresh tissues, elaborated by Dr. M. X. Dey (Calcutta), gives very good 
results in showing the Leishman-Donov«in bodic's when the sections are 
stained with Lc*ishman’s or (iiemsa’s stain : Small blocks of fiesh tissue 
2 to 3 mm. thick, are placed straight into acetone or methyl alcohol (or ethyl 
alcohol, if the others are not available), which is graded in strength from 
50 per cent, upwards. Fixation and dehydration are c'arried out as quickly 
as possible by taking the blocks through several bottles of the lixative success- 
ively with short exposure in each, and the process completed in about half to 
three-quarters of an hour. After cleaning in xylol, the blocks aie embedded 
in paraffin. Tlie sections made of these blocks are then stained with 
Leishman’s or Giemsa’s stain. Dr. C. C. Basu (Calcutta) has obtained good 
results by fixing the tissues in Zenker and staining with silver solution. 

WAKE FORMS OF LEISHMANIA DONOVANI. (SEE TYPES OF PARASITES 
SEEN IN CULTURE DESCRIBED BEFORE.) 

(1) Swollen, distorted, vacuolated forms with nucleu'^, staining with 
difliculty, or annular forms described by Cornwall and La h'renais. 

(2) Coccal, granule-like bodies, described by Archibald and others and 
found in the spleen and liver of individuals suffering fiom symptoms like those 
of kala-a/ar. In Archibald’s case they resembled large cocci, more or less 
uniform in shape. They were massed together in cells which were devoid of 
nuclei, and showed no signs of development even after ten days on the N N X 
medium, but produced kala-azar in monkeys after injection. Idu-y jirobably 
represent a stage in the life history of the parasites, or some of them may 
be degenerated forms. They have been described as “aberrant" forms of 
leishmania. 

(3) “(langues ’of Laveran and Mesnil. 'Phey consist of masses of cyto- 
plasm containing a varying number of nuclear pairs, and have been variously 
interpreted as detached portions of the cytoplasm (T large mononuclear cells 

3 
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fonliiiiiin^ parasites, reproductive phases of the parasites, or degenerative 
a))pearaiices. VakiiiKdf stales tliat in one and the same preparation he has been 
aide to trace the \vlH)le development of these bodies; they commence with 
one nuclear pair ; the nuclei multiply till a multiiiucleate body is produced, 
and this segments into corresponding number of nuclei. 

(4) Some observers state that sexual forms of the flagellate occur in culture, 
aud that multiplication takes place by conjugation. I'his is very doubtful. 

(5) In old cultures when the nutrient medium of the parasites is exhausted, 
oval or spheiical forms are found, which when stained appear to possess 
thicker walls, suggestive ot the cystic or post-flagellate stage of certain 
‘Miei [)etomonad flagellates” which on subculture may again develop into 
flagellates. 

(6) A thick-tailed” parasite, with flagellum four or five times as thick as 
usual, has been found by Cornwall and others in bed bugs. One might think 
that they were specific of leishmania developing in bed bugs, but siiorll has 
also seen them in Ilcrpclonionns ctcuoccphali. 

(7) Row described postdlagellate ” and ” supcr-post-flagellate ” forms in 
culture, and he believes that they are most inlective to mice. Cornwall doubts 
this, and vShortt looks u[)on them as degenerative forms, fhey consist of 
small rounded bodies resembling the origin, il parasite, and they probably 
bear some relation to form 5. 

(<S) A curious, very sl(*nder lorm has been observed in culture by 
Leishman, probably subscciucntly giving lise to ullra-microscopic bodies. 

(9) tjystic forms have been described in dried cultures, but they are 
prob.d)ly artefacts formed m process of drying. 

(10) Small rounded lorms with very long flagelhe have been described by 
Shorn. 

According to Weuyon the origin ol the structures in (2) and ( ^) is in the 
cytoplasm ol large cells containing Liislmimiid, portions of which have been 
broken off. I'hey are merely tr.igmcnlalion bodies. 

LlilSHMANIA OONOVANI AND I.KISIIMANIA INFANTUM. 

Morphologic.illy there is no distinction between the Lcislinumia (ArA//- 
iiidiiiii iloiiovd II I and Lcisliiiidiiid ////u////////) giving rise to internal leishm.miasis 
in (hllerent parts ol the world where the disease occurs, though in the 
Meditei rane.m aiul Caspian areas the disease is associated with a similar 
disease in dogs. As stated elsewhere there seems no reason to separate the 
Mediterranean leishmania from those of Indi.i. 
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CHAPTER IV. 

INOCULATION EXPERIMENTS AND LESIONS PRODUCED IN 
EXPERIMENTAL ANIMALS. 

Mclhoiis of I noculntiou. — Infection is most easily produced by mlra- 
peritoneal injection of large doses of die emulsion obtained by criisliing an 
infected spleen, liver or bone-marrow in normal saline solution. In the 
case of larger animals, intrahepatic or intravenous injection may be made. 
Infection is not so readily produced by subcutaneous injections. As regards 
the material to be injected, cultures of the virus or emulsions of the above- 
mentioned tissues of an infected man or some other animals may be used. 
Infection is more likely to t<d^e place with the virus from the affected organs. 
In the case of cultuie a large dose may be required for successful inoculation. 
Attempts at bringing about infection by oral administration of culture of the 
virus have sometimes been successful. Orey monkeys have been successlully 
infected by feeding them with emulsion of the vSudan virus (Archibald). 
Rats have been infected by feeding them with cultures of the Indian vims 
(Cornwall and La Krenais). Knowles infected a monkey from ingestion ol 
the infective material. Greig and Christophers obtained positive results by 
the injection of infective material into the lumen of the intestines in a 
monkey. (It may be stated here, incidentally, that Laveran inlected mice by 
oral ingestion of A. tropica,) Recently Christophers, Shortt and Ikirraud have 
observed that, with one exception, where a hillaey may have been introduced, 
the oral administration over a long series of cultures of LcisJnnaniii doiioviini, 
failed to infect tame mice, Adelheim has observed that a healthy mouse was 
infected by being kept for live months in a jar cont. lining an infected mouse. 
'File infected mice had ulcers in the intestine containing Lcisli mania and it 
was thought that infection of the originally healthy mouse was due to oral 
contamination. 

Working with Lcislima iiia donovaiiiy Row found that positive results, 
whether local or general, were obt.iined only when the cultures abounded 
in small rounded bodies resembling the original parasites or cocci like bodies, 
which he described as ‘Lsuper-posttlagellated forms.” His observations 
seem to differ from those of Nicolle, Manceaux, Laveran, ( 'jonder, and more 
recently of Shortt, who obtained positive results only by using active 
flagellates. 

Many observers hold that the postHagellated and super-po^^tllagellated 
forms described by Row are j'lroducts of disintegration of the parasites in the 
culture. Cliristophers, Shortt and Barraiid have, lunvever, recently observed 
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that primary cultures of l.cishnuuiid donorani of an age of six clays or less 
are probably incapable of producing infections in tame mice when inoculated 
intraperitoneally, and that primary cultures of an age of seven days or more 
are almost invariably capable of causing infections in tame mice under the 
same conditions. Tliey have also observed that under the most favourable 
culture conditi(ms in N N \ medium the C) bodies of Row (? cystic stage*) first 
appe<ir on the seventh day of culture. It is therefore a somewhat signiticant 
fact that cultures of the seventh day were the earliest to produce infections in 
mice. 

Still more recently Shortt, Craighead, Kha/an Chand and Swaminath have 
shown that the flagellate forms of l.cisJiiiuinid donovani found in cultures are 
capable of producing infection when inoculated intraperitoneally into white 
mice without the presence of the O bodies described by Row, and that all the 
evidence available at present is against the probability of the O body playing 
any part whatever in producing infections. 

I)0('rS. 

Iiifdnfilc -Xicolle, xManceaux and Comte were the first to inocu- 

late dogs with the virus of infantile kala-a/ar. fhey found that the disease 
in the dog was generally a mild one, and there might be transitory 
elevations of temperature lasting several days. Cabbi and Visenteni (Italy), 
(li Cristina and Cannata (Italy), Jemma, di Cristina and Cannata (Italy), 
Alvares and Rareira da Silva (Lisbon) subsetjueiitly made sncct*ssful experi- 
ments with dogs. Di Cristina and Cannata found that young dogs were 
more recejitive of infection than old ones, and that even a lieavily infected 
dog could continue well nourished and without any detectable disturb.ince 
of the organs. (labbi inoculated successfully an Indian dog with the 
xMediten anean virus. Novy infected dogs with cultures of tlie virus obtained 
in 'funis, lie obtained similar results in his exjiei iments on dogs which he 
made in collaboration with Me | unkin and Schule. Laveran (Laris) and 
Laveran and Lettit (I’aris) infected dogs with the 'funisian virus. They 
made a most extensive series of experiments on dogs, and found that the 
infection might be sometimes of such a mild nature in dogs tliat parasites 
could only be detected in the organs by the cultural method. In these 
mild cases spontaneous recovery may take phicc. fhe spleen is not enlarged 
in such cases. Nicolle and Hlaizot infected a dog by intravenous inoculation 
with a culture. Yakimolf ('furkestan) infected dogs with the local virus. 
Lulvirenti and 'fomaselli (Catania) successfully inoculated the monkey 
intrahepatically with spleen juice of .in infected child. 

liulitiii Kiilit-iiidr. — 'flu* eai liest experiments to infect dogs with the virus 
of Indian kal i-azar proved unsuccessful (Donovan, Mackie and Latton), and 
this fact w.is originally .idvanced as a proof that Indian kala a/ar was 
distinct from infantile kala-a/ar of the Mediterranean. It is now well known 
that the Inch. in virus will give rise to infection as often as the Mediterranean 
virus if sui’liciently large cpiautities of the virus are used. Dogs were 
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subsequently successfully inocul.ited by Dnnovan (Madras) and bv Patton 
(Madras) by means of lari^e doses ran^^iniv from i c.c. to 4 c.c. of a thick 
emulsion of infected material from the liver, spleen, or bone-marrow. 
Wenyon infected a do^ in London from a case of kala-a/ai‘ from India, the 
virus bein;4 afterwards successfully passed through four successive do^s. 
Laveran infected do.j^s with a culture of Lcislmiiinia douovuui obtained from 
Row in India, by intravenous and intraliepatic injections. Mackie, and 
Knowles with Napier and Das Gupta have also infected does with the 
Indian virus. 

MONKEYS. 

Iiifiuiiilc Kala^ainr. — Nicolle, Manceaiix and Comte (Tunis) showed that 
monkeys could be readily infected with the virus of infantile kala-a/ar. In 
these animals the disease may run a mild or a severe course. The 
symptoms in the monkeys are more evident than in does, ddiere may be 
fever of one or two weeks’ duration, alternating with periods of apyrexia (d* 
the same len.^th or loneer. When the infection becomes sevtae the fever is 
more reeulai' and linally ^iv’es place to a subnormal temperature. 'I'he 
spleen may be much enlarged. Nicolle and Manceaux have observed an 
t‘xact leproduction of infantile kala-a/ar in one of their caxperiimaital 
monkevs. 'I'liey also noted that the virus in passing through monkeys became 
more and more attenuated, and they considered that to preserve the strain 
in the laboiatoiy it would be necessary to keep it in dogs. Laveran and 
Pettit infected monkeys and found that some of them acquired a slight 
infection and others a fatal one. They also observed that sometimes, as in 
the case of dogs, the infection was a latent one, and the parasites could only 
be detected in the organs l)y the cultural method. 1 ’y//er and Walker 
produced a purely local lesion by subcutaneous inoculation of a monkey 
with cultures of the Mediterranean virus. Marshall (vSudan) and Archibald 
(Sudan) infected monkeys with the Sudan virus. 

Iiidiuii — Row (Hombay) produced local nodules in monkeys by 

rubbing the virus from a human kala-a/ar s[>leen into the scarified skin of 
monkeys, and also by injecting subcutaneously 1*5 c.c. to 3 c.c. of an 
emulsion from its subculture. 'Fhe emulsion (rom one of these nodules was 
inoculated into the skin of another monkey with the production of a local 
lesion. It was also injected into a monkey intraperitoneally, giving rise to a 
general infection. Korke pertoriiied similar experiments. lie found that 
subcutaneous inoculation sometimes gave rise to a local lesion in the skin, 
and at other times to a general infection. In some c.ises geneial and local 
infections occurred at the same time. Patton infected monkeys with large 
doses of an emulsion of a heavily infected spleen of a kala-a/ar case. 
Laveran, working with the Indian virus, found that the nature of infection in 
monkeys with the Indian virus was similar to that produced by the Medi- 
terranean virus. Mackie infected a monkey with splenic juice of a case 
that died of kala-a/ar. Shortt (Assam) infected monkeys with the Indian 
virus from man and other infected monkeys, and in some cases he produced 
acute infection in the animals. 
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JACKALS. 

I iifdiililt' K(ila-it''un \ — Xicollcrind Blaizot infected jackals by intraperitoneal 
inoculation of an emulsion of the organs of an infected dog. 

Iiiilidii K(tl(i-(iz(U \ — Patton successfully inoculated the jackal with emulsion 
of a heavily infected human spleen. 


CATS. 

In s[)ite of many attempts with these animals no one has vet succeeded in 
intecting them. There is a record of one case of a natural infection of a cat 
observ(‘d by the brothers Sergent, Lombard and Quilichini in Algiers. 

MICK. 

Iiijdiililc Kdld-dzar . — Laveran and Pettit were the first to infect mice with 
the* Mediterranean virus. Yakimoff and Khol-Vakimoff infected mice by 
injecting cultures intravenously as well as intraperitoneally. Rutelli also 
iniected mice by intravenous injection of the splenic juice from a human 
case. Laveran found that the infected mice became anremic, their spleen 
became much enlarged and their testicles showed signs of degeneration. lie 
observed that the virus became more and more attenuated in passing through 
mice, and that the percentage of natural recoveries increased with the succes- 
sive passage of the virus. In certain e.xperimental mice the infection was 
present even after a year, and in others the characteristic lesions were still 
pi'csent, though parasites could not be found. 

Iiiilidii Kitld-dZdi \ — Row (Bombay) succeeded in infecting mice with the 
virus obtained in the folhnving ways : (i) From a local cutaneous nodule in 
an infected monkey, (2) from the spleen of infected monkeys, and (3) cultures 
of the virus. Laveran also made successful e.xperiments in mice with the 
Indian virus. Mackie infected white mice after intraperitoneal injection 
of the spleen juice of a boy who had died of kala-a/ar. Shortt produced 
heavv infection in a mouse with the Indian virus. 

RATS. 

IdfdiitiU' -Archibald found them refractory to the Sudan virus. 

Iiididii Kdld dZdi.- - Vd[U)n infected a rat with the Indian virus. Cornwall 
and La lo enais infected a rat by injection of a culture of the virus, and another 
by oral administration of bread mixed with the culture. Wenyon infected 
white rats from an infected man. 


GIUXK.A-PKLS. 

liilddliU' /w//u-u<:u/.— -Laveran and Pettit were the hrst to show that these 
animals were susceptible to the virus of infantile kala-a/ar. They produced 
a mild infection in them. Kranchini producetl a fatal general infection in a 
guinea-pig by inti aperitoneal inoculation with a culture very rich in parasites. 
Archibald found that guinea-pigs were refractory to the Sudan virus. 
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hiiliini Kalo-oziir, -GiuuL\i~p\^s h:ivc not vot boon inli*ctocl with tho 
Indian virus. 

RABBITS. 

I ii font ill’ Kiila-oziir . — X’olpino sucoo^sliillv iiunailiitocl tho oornoa ol ral'^bits 
by scarifyin<4 them and dopositiiii^ upon thoin material liom tho sploon ol 
a do^^ infected with the infantile virus. Rabbits liavo l>oon found rolractor)’ 
to tlic Sudan virus (Archibald). Nfantovani produood a ii;on(‘ral infection 
in a rabbit by intravoncMis injection of a culturo of the infantile viru'<. 

Iiulioii Kolo-ojor. — Rabbits do not appcNir to have bt'on infoctod with tho 
Indian virus. 

KLYING KOXKS. 

Tliese have been successfully inocii'ated by Mackio. 

HAMSTER 5. 

Recent experiments by Smyly, Youn^ and I>rown and Moleney have 
shown that hamsters scorn to be very easily susceptible to inoculation 
with LcisJimonio ilouovou i , 'riie virus did not become attenuated in its 
successive passa.i^e through them. Moloney has shown that tlu‘ infection 
procuresses steadily in its intensity in these animals, and at the end of lifteen 
months the tissue of the spleen, liver, intestinal mucosa, bone-marrow and 
lymphatic , inlands is replaced by macrophages containini^^ lA'islnnanio. 

GKKBOA AXD GERHIL. 

Archibald infected them with the Sudan virus. 

It may be stated here that while many species of animals have been 
successfully inoculated by the virus of Indian or Mediterranean kala-azar, tho 
percenta.^e of successful inoculations to those which were uusuccessful has 
usiudlv been small. This result has probably boiai due to the fact that 
experimental animals which showed no clinical manifestations of infection 
were not further examined by cultural methods. In this connection it may 
be stated that Sliorlt has shown that out of thirteen monkeys inoculated 
intraperiloneally with splenic material, ten, 01-77 per cent., became infected. 
All these infections except two were detected by cultural methods, in certain 
cases the infected animal may remain in ^^ood health, and scanty leishmania 
are found on spleen or liver ])uncture and ])ositive results obtained from 
culture of the liver or splenic juice for some time after infection. Subse- 
quently the liver or splenic juice showed no leishmania in film or culture. The 
condition has been termed latent leishmaniasis (Knowles). In other cases 
the animal may show most of the si^ns of acute or chronic human kala-a/ar. 
Recent experiments seem to point out that tlie hamstei*, as stated before, is 
very easily susceptible to inoculation. Dogs and monkeys perhaps come next 
in order of susceptibility. Mice are more susceptible than rats, (juinea-pigs 
and rabbits are more difficult to infect. Cats, as stated beiore, goats, calves, 
pigs, have not yet been successfully inoculated. 
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\Vc ^ivc licre .i smiiinary of tlu* inoculation cx[)criincnts with the viruses 
of Indian as well as of infantile kala-azar and their results : — 

(1) Suhcuttineous injection of the Indian virus is followed by a local or a 
general lesion or both. 

(2) Intravenous, intrahepalic or intraperitoneal injection of the Indian 
virus is followed by a ^^eneral lesion, but never by a local lesion. 

(3) Subcutaneous injection of the Mediterranean virus may be followed 
by local lesions similar to those produced by the Indian virus (Xicolle and 
Manceaux, Tyzzer and Walker). 

(4) Intraperitoneal or intravenous or intrahepatic injection of the Mediter- 
ranean virus is followed by lesions similar to tliose produced by the Indian 
virus. 

(5) A monkey after recoverin;4 from experimental infection with the virus 
of infantile kala-azar was found subsequently immune to infection with the 
virus of Indian kala-azar as well as of infantile kala-azar (I.averan). It these 
observations of Laveran are corroborated in future, then the results may be 
conclusive in provin^^that Indian kala-azar is identical with infantile kala-azar, 
an attack of one conferring immunity ai^ainst the other. 

(0) Do;.;s are inoculated with dit'Hculty by the virus of Indian kala-azar, but 
with ease by the virus of infantile kala-azar. 

(7) 'Pile viruses of Indian and infantile kala-azar are inoculable into (h\iis, 
monkeys, white mice, rats and some other rodents. 

THE mOI.OdlCAE KELAnONSIIlI* HEIWKEN THK DIKKKRENT LEISUMANIA. 

It will be seen from what we have stated that more or less identical species 
of animals have been successfully infected by the* Indian or the Mediterranean 
virus, with the production of more or less identical lesions with only slight 
minor differences. It appears that as our knowledj^e of tlie l.eislnudiiid has 
increased, the identity of these two viruses has become more and more close. 
Laveran believed that it was no Ioniser possible to doubt the identity of the 
two diseases. We cannot, however, lay much stress upon the value of 
inoculation experiments alone in determinin*^ the v.irious species of Lrishnidnid 
found in man, for LcisJnnitnid Iropird, which causes cutaneous lesions in man, 
may produce , general inh'ction in inoculated animals similar to what is 
observed in the case of the Indian and the Mediteiraneaii virus. 'Phe facts 
(i) that the virus of Indian or Mediterrane.in kala-azar may ^i^ive rise to 
purely cutaneous lesions in animals and occ.isionally in man, while Lcislmidiiid 
h\^f>ird may produce {generalized infection in experimental animals ; (2) that 
the ori^anisms are morphoIo{4ically mdistiiii^uishable from each other ; and 
(3) that they behave similarly in culture have led some observers to hold the 
view that Lcis/inidiiid trowed is only a variety of Lt'is/inidiiid ilouovdiii. If 
this view proves to be correct, then it may be concluded that Lcislinidnid 
hvpii'(j has adopted different conditions of life and transmission from those 
of the parasites of Indian or Mediterranean kala-azar. 

On the other hand, the difference between oriental sore, one of the diseases 
caused by Lci^lunduid tropicd, and internal leishmaniasis is so i^real that one 
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caiHiot biise sucli ;i far- reach iiiij; conclusion, incontcst.iblv, upon llic results ol 
these experiments. If, however, the parasite of oriental sore be s[K*cilicallv 
identical with that of kala-a/ar, it must have been attenuated in its virulence, 
lor kala-azar is as fatal as (uiental sore is benign. Xicolle seems to have 
succeeded in producini^ a certain dei^ree of immunity to ori(‘ntal sore* and to 
kala-a/ar in do<:;s and monkeys by injecting; them intra[K*riloi’.callv with 
cultures and infected material containing the virus of the local and of the 
^ijeneral disease, thou<4h Ikitton records the case of a patient who contracted 
kala-a/ar after recovery from oriental sore. In snppoi t of the above view, 
it has lon^ been reco<4ni/ed m India that in districts where kala-a/ar is 
common, oriental sore is rare. Recent work has shown that this is also 
partially true for the Mediterranean area. 

The position becomes still more coi.iplicatinl from my lindiiyeis (1923) and 
subsecjuentlv those of others in which it was found that patients after havin^^ 
recovered from kala-a/.ir after antiuKmiai ticalmcnt showed, after certain 
periods, skin lesions containin<4 Lci^lununui doiiovdiii and at llie same time 
showed complete sterilization of the internal organs. Still more lecently, 
only local skin lesions containin.i; Lcis/miaiiia have been ol^served in some 
cases, comiii];^ from certain kala-a/ar infected parts of Rcn^.d, in which there 
was no previous definite history of kala-a/ar (Acton, (lupta). If future 
observations provx* that these are cases of infection by means of the virus of 
kala-a/ar then tlie identity of Lcishiiiaiiid donociuii and Lcisliiiidiiid iropicd 
becomes more and more close. All these cases of dermal leishmaniasis 
including thosij described by me may be re,e;arded as infection of the skin, 
observed in individuals in which the internal organs either have a natural 
immunity to infection with douovdui or have acijuiied an immunity by a 
previous attack ol kala a/ar, cured eitlier spontaneously but not ieco.^ni/c*d by 
the patient, or cured after treatment with antimony. Or is it that these cases 
bear the same relation to kala-a/ar as vaccinia does to variola, i.e., the Ixdshm.in- 
Donovan bodies in passin<4 through one vector lose their virulence, while in 
passing throus^h another retain it, i^iviiiji^ rise eithei" to a local benign skin 
lesion in one case or virulent kaki-a/ar in anotiier. We hope that when the 
transmission prol)lem is solved, the identity or othei wise of the LcisJinidiiid 
found in internal leishmaniasis and in oriental sore will be solved. At present 
we may, perhaps, remain contented with the view that Gabbi put forward 
that the kala-a/ar of India, the Mediterranean, the Sudan, China and other 
countries is always the same disease and “ there seems no reason to 
separate the Mediterranean Lcislmidiiid from that of I ndia ” (Wenyon) and 
that Lcislnnaiiid iiifdiihini as the name of a distinct species lapses in favour 
of Lcishiiidiiid donovdiii. 

“Attempts have been made to differentiate the species of Lcislmidiiid by 
serohji^ical tests, the use of which for the separation of true species is of very 
doubtful value. The most precise statements are those of Nt)^uchi 
(1924). He employed strains of L. dotioviuiiy A. in/diilitnif L. bopicii and 
/.. hrdsilieiisis. Rabbits were inoculated intravenously on four occasions at 
live to seven-day intervals. 'I'he sera from these animals were then used on 



cultures to test their aj^^);;lutin:itinj^ power. It was found that in dilution of 
I : 10, or even i : foo, the serum of the animals inoculated with L. donovnni 
a)4i4lutinated this organism and A. in/aiitunif but not the two others. Similarly, 
the serum from an animal inoculated with /. /ro/>/a/ a.tj^lutinated this organism 
alone, and the same was true of the scrum of an animal inoculated with 
L. bnisilicnsis. From these reactions it appears that serologically the 
organisms tested fall into three groups, in conformity with the clinical types 
of disease produced. If the sera were added to the culture media, they were 
similarly specilic in changing the character of the growth of the homologous 
organisms” (Wenyon, PROTOZOOLOGY, 1926). 
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CHAPTER V. 

TRANSMISSION OF KALA-AZAR — PROBABLE MODES OF 

INFECTION. 

Thk mode of transmission of kaU«-azar is still unsettled. The develop- 
ment of the parasites into a flagellated stage is undoubtedly an important 
part of its life cycle, but it has still to be proved that this stage is necessary 
for tlie natural transmission of the disease from one person to another, or 
from an intermediate host to man, or that the development of the llagellate 
stage in certain insects under favourable conditions is a positive* sign that they 
are to be looked uj)on as the carriers of the disease. 

The view that the problem of transmission has yet to be solved, though 
somewhat at variance with the view that “only expeiimcntal transmission 
from the sandfly would seem to be necessai y to prove linally the role of the 
insect in the tiansmission of kala-azar"' is also shared by VVenyon, who, 
in 1926, in his Pkotozoology, remarks tliat “the problem still remains 
unsolved.” 

The following modes of infection may be possible : — 

(. 1 ) Direct infect ion from nntn to ninn tfiron^i lesions in the skin, or by the 
7 'irns heiiio mechnnically carried hv an insect from the skin of an 
infected individn id. 

The following factors arc to be remembered in this connection : — 

(1) Leishman-nonovan bodies have been discovered in the papular erup- 
tions and scrapings fiom the ulcers in the skin in cases of kala-azar 
(Christophers). 

(2) 'I'he peripheral blood of kala-azar patients gives positive results in 
smears in a larger number of cases than was at tirst imagined, and in almost 
every case when cultured on X N X medium. 

( 9 bhe recent discovery of dermal leishmanoid by the author and 
others makes it possible that the skin is the channel by which the parasites 
escape, or at any rate that they may reside in the skin, even when the internal 
organs have been sterilized against the leishmania. 

All these make the chance of skin-to-skin infection a possibility. A direct 
contact between the healthy and the infected at some unrecognized stage of 
the disease, when the parasites are present in the skin in largest number, may 
lead to the infection, if ulcers or abrasions be present in the skin. 

Up to now there arc no records of any observation to show that direct 
infection of kala-azar from man to man has ever taken place. 



3 <^ Kala-Azar 

(li) The possibililv o/ Irdnsmissioii by some intermediate hosts. 

(i) Kiifs and other insects may mechanically disseminate tlie parasites 
from skin to skin, by depositin.t^ them on ulcers, by bitin.^ with their month 
organs, by their faeces contaminatin.i5 ulcerated or injured surfaces, or by the 
insects themselves bein.j^ crushed on the skin (Patton). 'Fhe insects may also 
infect food by themselves, or by their excreta, and thereby the virus may ji^ain 
access to the human body. In these modes of infection it is not necessary to 
assume that any further developmental changes take pi. ice in the insect. 

(?-) Man m.iy be infected by the natural herpetomonad Ma^ellates in some 
of the ways indicated under (]). 'fhe parasites may pass from insect to insect, 
from man to insect, and then to man a^^ain. 'I'lie leislimaniform sta^e 
in man may indicate that man is not a very f.avoiirable medium for the life 
of the parasite. 

(3) Insects may be infected by feeding on the blood, ficces, urine, or other 
excretions of the infected man, or some vertebrate animal, not hitherto 
recoi^nized as liarbourint( the parasites, and then infect a healthy person. 

(4) Insects may absorb the virus of the disease by feediiy^ upon the dead 
body of another host oi- on its excreta. 

'riu* discovery of the development of llai^ellates of tlie leptomonas tvpe 
from lA'ishmania beaiin<4 close resemblance to natural insifct llai^ellates has 
led to the conclusion that they are transmitted to man throu^i^h a blood-sucking 
ai'thropod. Is it possible th.it more than one blood-suckiiyi^ insect may 
transmit the disease, and that the virulence of the v irus depends upon the 
intermediary host through which it passes ? 

'The lollowini^ ^ives an account of the experimental work on insects for 
th(‘ determination of the transmitting host. 

'The first experiments in India in this connection were made bv I^itton in 
Madras, in uiO/. He used the following insects : Cimex leetiilariiis and 
rotundatus, Pedieidiis e(if>itis and corf>oriSf Ciilex /(dij^ans, Anopheles stepheiisi, 
Ornithodonis sarii^iiyi, Steji^omyia iiii^eiis. Apart from the lirst two, from 
the work he published, it appe.irs that he w.is onlv able to tind the parasite 
in the .ilimentary canal ol a head louse, but it did not develop there. 
Experiments with tin* otlier insects led to negative results. 

ttiiyis. — In (he case ot Cimex teetutarius xud rotaudatus, Patton found (hat 
the parasite developed in a manner comp.irable only to its development in 
artificial culture media. 

When the bui^s weie allowed to suck the blood from a patient sulfering 
from kala-azar, he was able to find the parasite in (he alimentarv canal of 
the bu^, in all statues of development up to the tlai^ellate form. He found 
that on the second d.iy the Leishmania increased in size, the two nuclear 
masses became denser and showed sij^ns of division. 

Ma^i^elke were then lormed, or the two nuclear masses divided, until a 
rosette sta^e w.is [)roduced. Later on, the single tlai^ellate forms divided by 
loni^itudinal fission, producini^ ovoiil and spindle-shaped forms. The ovoid 
and spindle lorms which resultetl from longitudinal fission then produced 
thin irrei^ular-shaped bodies. This occurred on the third day after the blood 
had been sucked by the bugs. Growth continued until the liftli day, and 
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after this only fia^ellate forms were to be seen. Patton thinks it possible that 
the ovoid and spindle-shaped bodies can be produced by the rosette form, 
and that tlie cloiij^ated nai>ellate parasites develop fiom these. 

l^onovan repeated these experiments in 1909, but he did not obtain the 
same results, altliougli he allowed the bni^s to feed on patients who had 
numerous Lcishniauin in their peripheral blood. After ten days he was unable 
to observe any chan<fe in the I.cisJnnaiiia ingested by the bugs, lie was 
not satislied with this result, so he set out to lind “a blood-sueking insect 
which, unlike the bug, is not ubiquitous, but contined in its distribution 
to regions where kala-azar is prevalent.” He thought Coiiorliimis riihro- 
Jdscuifiis was such an insect. But he was not able to eltect transmission 
of the parasite by means of this. 

In repeating his experiments in 1910-1 i, l^itton found that when Lcishnuinia , 
Irom a patient with leishmaniasis, had dc*velo[’>ed in the alimentary canal 
of a bug, and the bug was then allowed to suck blood a second time from the 
same patient or an infected monkey, the tlagellate forms, which had already 
begun to appear, were destroyed. 

Patton obtained the development ot Lrislnnaiiid donoviuii up to the 
liagcllafe st<ige in the alimentary canal of Ciuicx lcc/itl(iriiis, fed on kala-a/ar 
patients, at temperatures which were most favourable for artificial cultures. 
He studied the changes in the post-Hagellate stage and came to the conclusion 
that the small ovoid bodies which were formed were the infective agents, and 
probably these were regurgitated from the stomach of the bug in the process 
of sucking the blood. 

Wenyon looked upon these experiments as showing that the stomach 
of the bug may in a certain measure act as a culture tube for the parasites, 
'fhey may develoii therein, but tin's does not prove that the bug is the real 
intermediary host. 

I^epeated experiments made by the authijr to lind Leish man -Donovan bodies 
in the stomach ot bed-bugs caught in the beds of patients suffering from 
kala-azar in his wards in the Calcutta Campbell Hospital always failed, though 
he examined several hundreds of such bugs. Similar negative results were 
obtained by Kranchini. Mackie found that 815 bugs, caught in the bedding 
of kala-azar patients and 588 laboratory-bred bugs fed on kala-azar patients 
and injected into monkeys after being crushed gave negative results. 

Recently, an entirely negativ^e result was obtained by the Kala-azar 
Commission, India, on several occasions w^here bugs were fed on kala-azar 
cases. 'Fhe experiments of Shortt and Swaminath, also of Nicolle and 
Anderson, prove that bed-bugs are not vectors of kala-azar. 

Attempts to infect citrated rabbits’ blood in test-tubes by causing bugs 
infected with cultures of Lcis/niKtniti ilonovani fo bite through a membrane 
consisting of rabbits’ skin hdVL^ given negative results, as showm by culturing 
the blood on N X X medium in which no tiageliates could be developed. 

Regarding the period during which infected bed-bugs show' I^cislnnanid in 
their stomach or remain infective, the following observations w’ere made : — 

Cornwall, and La Krenais showed that the flagellate form of LeisJimania 
doiioviuii could live and multiply in the alimentary canal of a bug for at least 
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twenty-nine chiys after ingestion of a culture of Lcisinnanid doiiovani, if fed 
on rabbits’ blood. 

Patton and Rao fed bu^s on regularly arranged cultures of LcisJutiaiiia 
on N X X media. 'Fhey found they could subculture LcisJuiuuiia from the 
middle portion of the ^ut of one of the bugs at the end of thirty-one 
days. In the case of another experiment they found they could subculture 
Lcislniuiiiid from the posterior portion of the gut thirty-four days after the bug 
had been fed on the culture. When the bugs were allowed to suck blood 
after they had l)een fed on culture, it was possible to breed f.cis^hmdiiid from 
tlie middle portion of the gut, forty-one days later. It therefore seems likely 
that the parasites can live in the bug for a long time, and one may perhaps 
assume that bugs are actually the hosts of kala-azar parasites. It must, how- 
ever, be remembered that according to Patton, La Krenais and Rao, other 
flagellates can also live in the bodies of bugs for many days, e.g., Lcptoiiionas 
pitlii is, Crilliiditi clcnoccpluili and llcrpclonioiias imtscdnim. The last mentioned 
can live in the body of a bug at least forty-live days. 

An observation has been made by Mackie, who found that the bugs fed 
on kala-azar spleen juice weie infective to mice for seventeen days if the 
intestinal contents of such bugs were injected into the mice intraperitoneally. 
Shortt also found that white mice could be infected intraperitoneallv by 
bugs which contained Lt'islinidnid, nine days after feeding on a kala-a/ar 
patient. 

Mrs. Adie, from her observations, thought that she found that a Lcishman- 
Donovan body taken in by a bug actually penetrated the walls of its stomach 
and there developed, much in the same way as rat trypanosomes in the 
flea. It appears, however, that this process was only observed by her in 
dead bugs, where obviously the cells behave ditTerently from those in the 
living organisms. Patton h.is confirmed Mrs. Adie’s work, but it is still not 
certain that in the living organisms the [xirasite lakes up an intracellular 
positi(Ui. Patton thought that the importance of Ciiiicx .is the invertebrate 
host of Li’isliiiidiiid was proved by these experiments. 

P.itton's more recent opinion was that the infection in the human subject 
was not caused by .i bite, but by the bug being crushed against the skin. 

In his experiments on bugs fed on Lcisliiiidfiid cultures, Cornwall was quite 
unable to recognize .my intr.icellular stage. He thought that the “ thick- 
tailed ” stage was meri‘ly an abnormality, which had no place in the regular 
life cvcle of the par.isite. He also suggested that tlie time had come to make 
a diligent search for some carrier of tin* disease other than the bug. 

More recently Mrs. Adie wrote that she found the parasites in the .salivary 
glands anil ducts of a specimen of Cimc.v rotiinddliis taken from the bed 
of a kala-a/ar patient. She therefore thought that the disease was transmitted 
bv the bite of a bug. According to Christophers and Shortt these parasites 
were not lA'isliiiidnid .it all, but were organisms belonging to the species Xoscnid, 
Similar org.inisms are also found in lleas (Liston, Shortt). 

P.itton’s hypothesis of the transmission of kala-azar by bugs is therefore 
not yet proven. 
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Coiiorliimis rnhrofosciiiliis, — With regard to Coiiorliimis nibrofdsrinlns, 
negative results were obtained by Donov'an after feeding tliem on kala-azar 
cases. Patton found no evidence of development of Lfislinidiiid in these. 
Cornwall found the common species refractory, even when fed on cultures. 
Recent experiments by the Kala-azar Commission, Indi.i, have also given 
negative results. 

The facts regarding the bug theory may be summarized as follows: In 
favour of the theory are : — 

(d) The developmental stages of the parasite ifi bed-bugs. 

(h) The peculiar sporadic nature of the disease tending to be limited 
to houses. 

(c) Greater prevalence of the disease in insanitary localities where 

bugs are likely to be more common. 

The following are the objections against this theory 

(d) The developmcJital forms may be observed in test-tubes under 
favoitrable conditions. Beyond the developmental fortns of the 
parasite being present iti bed-bugs, there is no further experi- 
mental evidence that bugs arc carriers of the disease. 

(h) It is doid)tfitl whether bugs are more common iti houses of rural 
areas in Beng<d attd Assam thati those of towns, but the disease 
is more cotnmoti in the lortner places. 

(() All houses in an endemic area are tiot alTected, thoitgh btigs may 
be equally prevalent iti all of them. 

{(i) There is no known cause for bugs to become more infective 
from time to time, and thus to give rise to epidemics. 

(c) No case of infection has been delinitely established in hospitals 
where kala-azar cases are tr(‘ated extensively, though bugs are 
present in them. 

(/) The geographical limits of the prevalence ol the bed-bug are 
much greater than those of kala-azar in the provinces of India. 

(g) Kala-azar patients tnay constantly come from endemic areas of 
India itito other districts where the disease is unknown. Despite 
the great frequency of bed-bugs the disease has gained no foot- 
hold there. 

Recently, Shortt, Harraud and Craighead have observed that ('oiior/iimis 
nihrofdscidhis in various stages of development, led on cases of kala-azar, 
yielded on search no developmental forms of Lcisliiiidiiid (foiiordiii. 

Lice. — P^xperiments with lice {I\ cdpitis and l\ corporis) have given only 
negative results. Mackie examined 1,172 body lice and 1,170 head lice taken 
from kala-azar patients with negative results. (S56 crushed body lice and 
1,130 head lice from the same source were also injected subculaneously into 
experimental animals with negative results. 

Flcds. — When Nicolle discovered canine leishmaniasis shortly after 
human leishmaniasis had been recognized, he assumed that the latter origin- 
ated from the former. He maintained that the Lcisliiiidiiid found in human 
beings and in dogs were identical, although he had no certain proof that they 
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vvcMx*. Tlie experimcMits by which he tried to transniit the dise«^se from one do^ 
to another by means of ticks, fleas and iiKiStjuitoes were unsuccessful. 

Hasile made several investigations to determine tlie relationship of dogs 
to human leishmatiiasis. He conducted his investigations on the following 
lines: (i) Attempts at infecting fleas with human LcisliiiKiiiin and healthy 
dogs by means of infected fleas; (2) study of the Lcislniiauia in fleas. In 
1911 he announced that he found that dog fleas fed upon splenic juice of 
kala-azar patients developed cultural forms of the parasite. 

In the gut of fleas taken from infected dogs organisms were found 
which he thought were Lcis/iiiKiiiid, l)ecause they showed flagellate and non- 
flagellate forms lesembling those of Lcisliniaiiid donovuni. However, it did 
not occur to him that the ordinary parasites, I.cploiiiotuis of PitU'x scyrnticeps 
(clciuHCpJuili) and itriUiiis, W(‘re indistinguishable from flagellate and non- 
flagellate Lcislmidiiid. He further made the following experiments: (d) He 
kept dogs, found to be free from l.ci^lnudiiid by examination of the bone- 
marrow, shut up with infected dogs and waited to see if the former 
became infected. (/?) Fie took fleas from infected dogs and allowed them 
to bite young dogs, whose bone-marrow had previously been examined 
microscopically and found to be free from Lcisliiiidiiid, The young dogs 
became infected. He thought that by these experiments he had established 
his hypothesis that fleas were the carriers of the disease. 

In the lirst series of experiments he obtained positive it'sults in nearly 
every case. Almost every dog became infected. However, in similar 
experiments pei'formed by Massaglia, Marshall, Wenyon, Peieira da Silva 
and Gabbi, neg.itiv(^ results were always obtained. Their experiments, 
especially those of Wenyon and IVreira, were carried out with greater accuracy. 
In addition to making microscopical examinations of the bone-marrow, they 
made certain that no parasites were present by examining cultures made from 
it. Ikisile, in his experiiiu-nts during 1910-11, neglected to do this. 

In the second series of experiments, Hasile was also successful, but 
Wenyon, Marshall and Pereira da Silv.i, who repeated the experiments under 
more careful conditions, obtained negative results. SergenI, Lhehilier 
and Lemaire were successful in only one experiment of this kind. They 
look a bitch who was considered by them to be free from Lcislnuduid on 
microscopical examination of her liver tissue, and tiansferred eighty-two fleas 
from an infected dog to her. d'he animal was subsi'quently found to be 
infected. 'Hie fact, however, that they assumed that there was absence of 
I.i'isliiiidiiid in their experimental bitch before the fleas were fed on hei , 
simplv on tlu* evidence furnished by microscopic examination of the liver 
juice, throws doubt on the accuracy of the result which they obtained, for 
absence of LcisUnidiiid can only be determined with certainty when a culture 
is made. In some cases where dogs are actu.dly infected, no parasites are 
found in the liver in smears. Much importance cannot, therefore, be 
attached to the results of this experiment. 

In kitei experiments Hasile claimed to have found flagellate forms of 
LcisJuiidnid in the human Ilea. Ik^sides, he took fleas from infected children 
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and do^i^s, and injected their intestinal contents into doi^s which liad been 
regarded as healthy on the evidence provided by microscopical examination 
of their bone-marrow. He thought that he obtained positive results. 

Pereira da Silva, however, repeated these experiments and obtained 
negative results, though he had been able to recognize organisms with 
Hagelhe resembling LcisJuiiaiiia in the gut of the fleas which he used. His 
results are summarized as follows : — 

(1) He found organisms like Lcishtnaniii hi fleas when they had been 
allowed to feed on healthy dogs erroneously thought to be infected. 

(2) The intestinal contents of a Pnlcx inilaiis taken from a child sulTering 
from kala-azar, and containing flagellate parasites, were introduced into a 
healthy dog without producing infection in the dog. He had undoubted 
proof (by means of cultural examination of the bone-marrow) that his 
experimental dogs were originally healthy. 

(3) Twenty-live fleas (Pitlcx irritifiis) which were shut up lor lorty-live 
days with a dog suffering from severe leishmaniasis ditl not become infected. 

Basile thought that the following experiments provided further support 
for his hypothesis. He took the intestinal contents from fleas which had 
been feeding on infected dogs, and which contained parasites of the same 
type as LcisJumtnia, and injected them into the abdominal cavity of the 
mice. He obtained positive results. Laveran and b'ranchini, however, using 
intestinal contents from fleas containing natural herpetomomids, were also 
able to infect mice in the same way. 'I'hey found non-flagellate parasites 
resembling LcislniKtnia in the tissue fluids of the mouse. 'I'hey also 
succeeded in infecting dogs with the natural herpetomonads of insects. 

Basile still contends that the flea is the transmitter of kala-azar, but it can 
do so only when the requisite conditions of temperature and also perhaps 
atmospheric humidity exist. He says that the authors that have met with 
negative results did not pay attentic^n to these during their experiments. 

It is well to remember that Basile himself produced no evidence that the 
flagellates observed by him in the fleas were other than natural flagellates of 
these insects. 'I'he negative results of otlu^r observers may have been in large 
part due to their excluding sucli natural flea infections. Moieover, the 
percentage of leishmania-infected fleas discovered by Hasile corresponds very 
closely with the percentage of naturally infected fleas in kala-azar- free 
countries, so that the inference is that the flea flagellates supposed by him 
to have developed from the LcisJinuin'ui were leally nothing more than the 
natural flagellates of the fleas. 

The following additional facts stand in opposition to the theory that the 
flea is the transmitting agent of infantile kala-azar : — 

(1) PiiJcx irri/aiis and serniticcps do not become infected when fed on 
cultures of Lcislntuinia. 

(2) 'Fhe intestinal flora ol the flea is an unfavour.ible medium for the deve- 
lopment of LcisJmiaiiia (Scordo). The ordinary intestinal bacteria inhibit the 
development of Leisluuauia donovaiii in pure culture (Spagnolio). 

(3) The parasite has been found in the peripheral blood-stream of man. 


4 
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If, therefore, the fle:is coiniiion to man arc the carriers of tlie disease, one 
would expect it to be very much more widespread than it is, both amc^n^ men 
and doi^s. 

(4) Infected do^s are liardly ever found in houses where children have 
contracted kala-a/ar (Gabbi, l)i Cristina, Pulvirenti, Spa^j^nolio and others). 
In fact, soiiK^ of these families do not keep a do^ at all. 

(5) infected with leishmaniasis are sometimes found in districts and 
towns where kala-azar has never been observed. 

(6) Cases of kala-a/ar are often observed in liouseholds where the do^s 
are not infected with leishmaniasis. 

( 7 ) In certain towns and districts, few children and many (1o;l;s contract the 
disease (Tunis and Algiers). In Catania, Messina, Palermo, Athens, and 
Pyraeiis this proportion is reversed. 

(<S) In one family a numlier of children may become infected, but a space 
of a year or more may intervene between the occurrence of each new case. 
The new cases do not occur untd the old ones have quite recovered. 

((j) If the disease was transmitted by Ileas i nfantile kala-azar would occur 
most fret|uently in summer and autumn, when the fleas are common and 
active. I'he tact is, that it occurs most freqiu’utly in winter and spriiij^ when 
Ileas are rare and hardly bite at all., 

'riiese facts siiftice to condemn the theory of the flea as carrier of the 
disease. It must also be added that so far no clear proof has been put forward 
that the lA'ishiiidiiiit found in clo^s are tlie same as those found in human 
bein,L|;s. 'riu* experiments of Scordo, Moldovan and (iiii^i^ni show that it is not 
only in theii biological reactions th<it the two p.irasites dilfer, but when ^rown 
in the same nutritive medium the human and canine viruses develop in 
different ways. (Weiiyon, however, holds tliat in the present stage it is 
better to consi(U‘i- the two parasites as identical.) 

Mos(/iii(ocs» — h'ranchini tound that of the c7^r«'/gt’/' variety would 

feed on cultures of LcisJinidnid and retain them in the gut for several days. 
Prom this he concluded that this insect might be a carrier of the disease. 

lie claims that there must l)e some condition of the gut of Anopheles 
nuienlipennis and Culiciche, including Stejifomyid faseiiiln, which favours the 
development of Leishniauia. 

lie pel formed a number of c.xperimeiits in Catania. He allowed the 
anopheles to feetl on the spleen juice of children suffering fiom leishmaniasis, 
and was able to lind numeions parasites in the gnt eight days later. fhese 
resembl(‘d LeisJimduin in degeiuaate and rosette forms. Most of those which 
he ft)nnd were non-flagellate, but he found flagellate forms in one mosquito 
aft(‘i‘ four days, whereas he never oKserved these in mosquitoes which had 
not fed on spleen juice, lie tiied to show that the development of these 
bodies had much in common with that of Leisiinuniia^ «ilthough in some 
stages the similarity was not always easy to perceive. Gabbi, however, has 
shown that Pranchini’s assumptions are quite unjustiliable, because the 
infantile form of the disease is most prevalent in January, February and 
Maicli, when very few mosquitoes are in existence. 



45 


Transmission of Ka/a^A^ar 

Scorch), on Gubbi's recommcndiition, tried to test Fr;inchini’s results by 
vx^ry careful experiments. He observed that Lcishnuiuni lound in spleen 
juice never developed flagellates in (he stomach of mosquitoes, ddiis was his 
crucial experiment. I^csides, Scordo found rosette bodies, which Krancliini 
called Lcislinumidf in mosquitoes which had never fed on infected spleen 
juice. 

Alackie examined 266 Ciihw sp. and nS AnopJulcs fed on patients with 
negative results. 

In the author’s opinion further investigations in this connection are 
desirable. 

//c)//S6’-///Vs. — Up to the present time theie is no evidence to incriminate 
these as carriers. LcisJunaiiia are qui('kly destroyed in them. They have, 
however, been found by Laveran to c ary Lcisliiiidiiid ttopico mechanically 
with their wings and legs. 

Oilier Possible Veelors , — Ticks have given negative results (Donovan), 
'rhe Kala-azar Commission, India, examined a number of Sairoples with 
negative results. Ankylostomes, .S7/a)//g\7i»/W(*.s, leeches, have all given negative 
results. 

OTHER CHANNELS. 

(A) In fee Hon Ihroitilh llie Inlesliiinl Trnel. 

The peculiar endemicity of the disease in the Sudan and its limited 
epidemic nature as tirst established by Archibald, mala* it possible that the 
disease may be a water-borne one, the water being contaminated with cysts 
from infected arthropods. There is the additional fact that the disease, as 
observed by Archibald, exists more commonly in villages situated near water, 
than in tliose further away. 

Archibald and others have further succeeded in infecting monkeys by 
feeding them with emulsions of virus. 

Greig and Christophers record a case in which a positive result was 
obtained by the injection of infective matter into the lumen of tin* intestine 
in a monkey, but the result is not conclusive as, in spite of all precautions 
taken, infection by the needle trac k cannot be* absolutely excluded.” 

'riie fact that in the early typhoidal stage of the disease there is a positive 
Widal reaction in many cases, as in typhoid or paratyphoid, suggests to the 
author that tlie disease may begin as a mixed infection in the intestinal tract. 
The presence of Leisinnnnin in intestinal ulcers, and the rcicent confirmation 
of this by Perry, prove that the p.irasites m.iy be voided in the stools, and 
directly contaminate drinking water. 1'he parasites may thus be taken up by 
water. It is, however, only very rarely that the f:ecc*s contain Leishman- 
Donovan bodies. Mackie found some suspicious bodies in a smear of the 
faices, and Critien also found the presence of Ueishman-Donovan bodies in 
the mucous stools of a case sulfering from kala-a/ar. Generally speaking, the 
examination of the frcces gives only negative rcfsults. Further research should 
be carried out in this direction, in view of the fact that Shortt has recently 
found Leisliniiinid in the urine of kala-azar patients, which makes it possible 
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that the urine may also contaminate drinking water. It must be remembered 
that tlie parasite quickly dies in soil or water. 

Recently Christophers, Shortt and Barraiul have observed that the oral 
administrati{)n over a long series of cultures of LcisJnnania donovaui failed 
to infect tame mice, witli one exception, where a fallacy may have been 
introduced. 


(1^) liijedioii tliroiif^li Iiilesliiial 

Hitherto there appears to be no evidence for this possibility. Xo 
developmental forms of the Leisliman-Donovan body have ever been 
discovered, either in the embryo of Aiikyloslonid diiodciialc or the adult 
worm. Animals injected with the embryos have given negative results. 
Whether their ovaries may be infected by an undetermined phase of the 
parasite should be investigated, as well as the behaviour of otlier parasites in 
this respect. 


(C) litfcclioii from Conlaminalcd Soil, 

The soil may be infetded with the stools, urine, or other excretions contain- 
ing Lrislintdiiid from an infected individual, and subsequently infect a healthy 
individual, through an abraded portion of the skin, like infection in the case 
of ankylostomiasis. Hut this method of infection is very unlikely, as 
fA'islinidiiid die tpiickly in the soil. 


(I)} In/riiion by lulidldfion. 

'The chances of infection by inhalation of substances containing Ac/sV/z/n////// 
must be very unlikelv. 


It i*^ possible, as Archibald suggests, that some insects may haiboui an 
undiscovered phase of the parasite which may infect their ovaries and bring 
about a hereditary tiansmission, or that it may be found ex coiforc in some 
cold-blooded vertebrate host. 

McCombie Young has suggested that perhaps the solution of the problem 
of transmission may be found in an explanation which combines gross bccal 
[pollution of the site and a life-history of the parasite m some coprophagic or 
copro/oic vector, or at .iny rate in the conditions which attend life in an 
unhygienic environment. 
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CHAPTER VI. 

TRANSMISSION OF KALA-AZAR~ continued, 

THE r6lE ok the SANDFLY IN TRANSMISSION. 

Knowles, Napier and Smith have observed that females of Phlcboiouius 
(tri>L'iilipcs fed upon the blood of k.il i-a/.u* patients showed herpetoiiionad 
forms in their ^ut. Kxtensive researches h ive been carried on in tin’s direction 
by the Kala-azar Ccmimission, India, and tlie following is a summary of the 
latest findings of Shortt, Barraud and Craighead of that Commission regarding 
the development of Lcishutauia donovani in sandtlies. 

(A) The Intcnuil from the Initinl Feed ///> to the Second Feed, 

If a sandfly (Phlebotoinns nci^entipes) is fed on the peripheral blood of a 
kala-azar patient and is kept at a temperature of 2(S'’ C., the following series of 
changes are observed . — 

Any variation of more than i'" C. or 2 C. above or below this temperature 
acts adversely on tlie length of the life of the fly. 

If the fly be dissected at the end of the first twenty-four hours, a few 
herpetomonad parasites, singly or in small groups, may be loiind. 

At the end of forty-eight hours after the initial feed, some flagellate forms 
are pi esent, but these are as a rule not fully developed. The forms seen are 
in many cases sluggishly motile, showing a swaying motion with little attempt 
at translation. Division forms are common, if not actually the predominating 
form. 

In dissections, made seventy-two-hours after the initial feed, a new phase 
of development commences, characterized by the presence, for the first time, 
of elongated free-swimming forms of flagellate. Besides, there is an increase 
of all the flagellated forms previously present. Multiplication is evidently 
very active. For the first time there may be seen the initiation of rosettes. 
Tlie free-swimming elongate forms appear to be endowed with an intense 
vital activity, capable of carrying them into any situation penetrable by 
bodies of their bulk. There is at this stage usually a general diffusion of 
the parasites throughout tlie midgut. By the end of the third day there are 
present in the gut of the fly, although in comparatively small numbers, most 
of the stages of the flagellate which are seen up to the eighth or ninth day. 

The stage arrived at by the fourth or fifth day after the initial feed of the 
fly is one of intensely active multiplication, until the gut becomes a seething 
mass of active flagellates with a very distinct bias towards the concentration 
of the flagellates in the more anterior parts of the midgut. 

At the fifth day, before a second feed has been taken, a very large number 
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() flagellates may be found in any situation in the midi^ut ; besides, there is 
almost invariably a welbmarked tendency for the accumulation of the bulk ol 
the fla,i 4 (*llates in the more anterior pai ts of the mid,e;ut, and especially in the 
narrow portion extendinj^ bac'kwards throuj^'h the thorax from the posterior 
margin of the proventrienlar fold. Another situation in which a con- 
siderable accumulation may take place is posteriorly near the region where 
the i\Ialj)i^hian tubules open into the alimentary canal, d'hey sometimes 
ascend the Malpighian tubules and the diverticulum, and comparatively 
lai\j4e numbers, but never masses, may sometimes be found in the intestine 
as far as the anal opefiin^. 

'I'he ^^reatest development of fla<(ellates is at or near the extreme anterior 
end of the mid^ut. 

'Idle lla.^ellates in this situation are arran^^ed in palisade formation, often 
many layers deep, around the entire circumference of the proventrienlar 
fold, d'he , growth in this situation may form a phi^, blocking.; up most 
of the lumen of the ^^ut. 'fhe lla,<4ellates composing the plug show a 
general antero-posterior orientation. In an unusually intense infection it 
is sometimes found that the tlagellates have penetrated through the com- 
paratively constricted (esophagus and have invack*d the ph.irynx, sometimes 
in consideiable numbers. On the fourth or fifth day after the initial feed, the 
lly will have laid its fu st batch of eggs and will be ready for a second feed. 

{U) TJk' Interval from the Second Feed to the Fii^Jdh or Xinlh Daw 

If the fly be examined on the day after its second feed, fed on the same 
case which supplied the first meal, or on an experimental animal, it will 
be found that once a massiv’e infection of the (‘xtrenie antei ior end of 
the midgut has been established, there is a progressiv'e extension forwards 
of the massive giowth of flagellates in the posterior extremity of the pharynx. 

'The diverticulum, which enters the (esophagus, may be invaded by 
numerous fi ee-swimming flagellates, and at a latter stage there may be a moi e 
massive growth at its (esophageal end. 

In the earlier stages of tlu‘ invasion of the pharynx by a massive growth, 
its posterior extremity is tilled up by a dense growth of llagell.ites, from wliich 
free-swimming elongated forms are given off antei iorly, and these show a 
decided tendency to swim forwards along the gradually narrowing pharyngeal 
lumen, .^s time proceeds there is a continuous extension forwards of the 
massive* growth in the pharynx, until the lumen of that organ becomes blocked 
with a solid phig of more or less stumpy llagellales. Throughout this 
piocess there ajipears to be a continual setting free (^f elongate forms 
anteri(uly. 'These tend continually to carry the infection in an anterior 
direction and may be the infective forms. 

When the main mass of flagellates tilling the lumen of the pharynx has 
reached the junction between that organ and the buccal cavity, it 
app.irently finds in the somewhat angular junction of the two c.ivities a very 
favour. ible situation for the formation of an extensive growth. 

From the free anterior extremity of this growth numerous elongate 
free-swimming forms may be seen to break off and proceed anteriorly as 
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f;ir foi vvjirds as the anterior extremity of the buccal cavity, close to the 
commencement of the bitin.i^ mouth parts. Tlie staj^e is arrived at by the 
seventh or ei^i^hth day after the initial infective feed, and the second, tliird, or 
fourth after the second feed. 

If the preparation fr(un the extruded contents of the lumen of tl c i^iit be 
now examined, it will be found that the llaj^ellates of which it i i ccmij'joscd 
show a very j^reat preponderance of the elongated types. 

'riiis tyjK" is par cxcrllcncc the wandering f> P^‘ lla|L;ellate. It is the form 
which <>ives to the Iresh preparation an appearance of seethiiijL; inotilitv. 
'riiis is also the predominant type that forms the i^reat bulk of the lla^ellates of 
the compound rosette masses often found in the midji^ul in lu*avy infections. 

In the preparation made from the '.^iit wall itself, the vast majority of the 
tlai^ellates seen are of the sliort stumpy form. 

Still more recently, Shortt, Harraud and Crai^ijhead have noticed massive 
infection of the buccal cavity in i sandfly, which had received only two 
feeds, and was examined on the ninth day after the initial feed. The 
infection extended forwards in an unbroken column throuijihout the len<4th of 
the pharyiii^eal and buccal cavities until it reached the mouth proper, where 
the bitint^ appendages took orij^in, the most anteriorly placed fla^^ellates 
extending even beyond this situation to a position distal to the salivary 
pump. It c'onsisted chiefly of elon^ated flai^cllates, especially in its most 
anterior parts. 11 appe-ars that the intensity of infections, and the extent 
of their development, in any case depend, other factors bein,!^ uniform, on 
the initial number of paiasites invested from the peripheral blood, as well 
as on the time which elapses since the initial feed. 

The same observers have also found that the O bodies of I\*ow mi][.;ht be 
produced in the mid^Ljut of the sandfly, after a second or subsecpient feed. 

They consider that the course of events in artilicial cultures of Hcvpc- 
tonioiids ilonovdui in N N N medium is an accurate recapitulation ol the 
natural coin>e of development in the sandlly P/ilrhotoimis (iij^cit/ipcs. 

Normally, the adult female sandfly t.dves its first blood meal on the second 
day after pupation, copulation takes place imiriediately and oviposition on the 
fifth or sixth day, the fly dyin<4 immediately afterwards, and the larv.e 
usually feeding on the dead body of the mother subsequently. The ova 
require a very hi^h decree of humidity, almost saturation in fact, but the 
pup:e do not; the ima^o, however, a^ain recpiires a hi^^h de.ijree of humidity. 

The fact that the greater majority of fed female flies die after oviposition 
on the fifth or sixth day would seem to militate a^^ainst the insect bein^ 
the true vector of kala-a/ar ; but it has been shown by Shortt, Bai raud 
and Craighead that the main factors in inducing oviposition with continued 
life of the fly, in Plilcholoniiis (irilcntipcs bred in captivity, arc a temperature 
of 28^ C., with upward and downward variations of not moiethan C. to 
2° C., and an accurate adjustment of the degree (^f humidity. Under these 
connections a considerable number {>f fed female flies smvive after 
oviposition, and feed a second and even a third time. 

We have given above a summary of the most recent woi k of the life history 
of the parasite of kala-azar in the sandfly, by Christophers, Shortt and Harraud. 
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A short comparison of the infection of Plilebolointis argcntipes by 
Leishmania donovani, Ctenoceplialus cam's by Herpetomonas cteiiocephali and 
of the tsetse-fly by Trypaiiosoiua gambieiise is given below : — 


Inf«ct«l insect I direction of infecdon in the alimentary | Infective forms 

Sandfly infected bv L. I Foni'drds from the midiLjut till it ' Xo infective cystic forms have 
donoviui' ' reaches the mouth proper yet been discovered 

Clcnoccf^hiiliis ciiuis infected luichcdi ds till the rectum is Cystic (?) infective forms are pro- 
hy llcrpi'toniouds, ctciio- inlensclv infected hahly eaten up by la- vie which 

i cpJidli thereby become infected 

'I'setse fly inlecletl bv 7 / v/'u/ze- "t he posterior ptji'tionol the mid- No cvstic infective forms 
sozz/n i^iiinhiciisr <^\\{ is infected and suhseiinentlv 
the salixarv j^laiids are infected 


prohlcMii of transmission of kaJa*azar by means of sandfly is still in an 
nnsetlled sla^e. The lollowiih^ points may he noted in this connection : — 

(1) I'liere is as yet no evidence of hereditary transmission of the infection 
from one sandfly ^t^^eneration to the ne^xt hy direct infection of the sandflv 
ovum ill si I It, 

(2) There is no evidence of infection of the larva* hy their feedin<^ on the 
bodies of their mothers. 

(;^) Re^^ardin;^ the possibility of the infection taking place throii^di bites of 
infected sandllies, the latest report of Short!, Harraiid and Craij^diead (1927) 
keeps the position unsettled, as seen from their following remarks : — 

“Sixty experimental animals, subjected to i(S4 bites from a minimum of 
152 Plili'holoiiiits ariini/if'i’s known to he infected with Lcishiiuiiiia doiiovuiii 
have in no ease developed kala-azar. TIic presumption is not tliat /V//d/a)/t)/////.s 
(iViii'iitipcs cannot transmit the disease by its bile, hut that the experimental 
animals used were not sutTieiently susce})tihle to lA’ishiiiaiiin doiiovani to 
become inleeled, except as the result of a more intensive exposure to 
infection than that lo which they were subjected in (he present experiments. 

No sin.i^le human volunteer has so far been infected by the bites of even 
heavily infected sandllies in any of Shortt’s experiments. 

In Oetoher, 1926, Short!, Ikirraud and Craighead .i^ave an account of the 
occurrence in nature of a riilcholotiiiis (iriii'iiti/^cs infected with a tla.^ellate 
morpliolo.{4ieally identical with Lcisliiiidtiid lioiiovdiii . The flv was cau^dit 
in a house at Bakktiarpur, near the Pnsa Hst.ite in Bihar. 

Recently it has been observed that very rarely LcisJiiiuiiiia doiiovdiii may 
imdei t^^o development into tlai^ellates in Phlcbcloiiiiis />c?/>n/c/.>'/ 7 , and it has been 
shown hy the workers in China that they could develop in the mid-^iit of 
Plih'holoiims iiidjoi . (See Addendum.) 

I'he tact that Plilcholoiiiiis di’i^eiiti/^es has been discovered in the citv of 
Bombay (MeComhie Voun.e;, 1927), the meteorological conditions of which city 
seem to approximate to those ol many kala-azar infected places, appears to go 
against the theory of (he possibility of tlie transmission of kala-azar hy this 
saiuUly, as no undoubted case of kala azar has been reported from Bombay. 
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CHAPTER VII. 

CANINE LEISHMANIASIS -ITS RELATION TO HUMAN 
LEISHMANIASIS. 

NicOLLE tried to find the intermediate host of the virus which attacks 
human beings. lie turned his attention lo uomcstic animals found in towns, 
chiefly cats and doiijs, because lie thought that it was in towns that the disease 
occurred mos^ frequently. 

lie was struck by the fact that children sufferini^ from kala-a/.ir had often 
come in contact with do^s. He examined some of the do<^s wliicli he thoui^ht 
were affected, and found parasites of a similar form to those found in cliildreu 
affected with kala-azar, in the spleen, liver, and bone-marrow. He therefore 
assumed that leishmaniasis in the human subject originated from canine 
leishmaniasis. 

In order to substantiate tliis conclusion, he decided to examine tlie 
dogs which had been killed in the slaughter house in Tunis. He found 
(March, April, May, Tqo8) four dogs affected with leishmaniasis, among the 
222 dogs which he examined. Xina and \V. L. Vakimoff examined 299 dogs 
in Tunis from January i to May 23, 1911, and found five affected with leish- 
maniasis. Nicolle’s discovery led the brothers Sergent to follow out canine 
leishmaniasis in iVlgiers. From July 15 to October i they examined 125 dogs 
and found Lcis/miaiiia in nine of them. There was a difference in the percen- 
tage of affected dogs in 'runis (i *8 per cent.) and Algiers (7*2 per cent.), although 
in Algiers only a few cases of kala-azar occurred. According to Nicolle 
this difference was due to the fact that the investigations weie made at 
different times of the year. Stuievet confirmed this opinion. He examined 
twenty-three dogs in spring and in summer. In the first group r6 per cent, 
were affected, and in the second 8*8 per cent. Gray, repeating the experiments 
in Tunis between October 16 and December 5, found only two dogs which 
were affected. 

Basile repeated Xicolle’s investigations in Bordonaro, where Gabbi had 
discovered an endemic area of kala-azar. He found that 71 per cent, of the 
dogs were affected with leishmaniasis. This, however, was not all. Whereas 
Nicolle had only been able to confirm the simultaneous outbreak of kala-azar 
in children and dogs in a few cases, Basile found that in almost every house 
where a child was affected, a dog also had the disease. 

On the other hand, Spagnolio, who had studied all the cases of kala-azar 
in Bordonaro for four years, did not find, even on a single occasion, a child 
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and a simultaneously alTected. Many families in which a child was ill 
had no do^ at all, or if they had one, it was absolutely healthy. 

Ciiu^uii, usin^ expel imental puncture of the liver as a mode of investi, Ration, 
was not successful in his search for parasites in healthy do<4s taken fiom 
houses where a child was ill. 

Ikisile found 27 per cent, of the do^s in Rome affected, while human 
subjects were not alTected in proportion. Salvatore made microscopic and 
cultuial examinations of the bone-marrow of ten do^s, and did not find any 
of them alTected with leishmaniasis. 

Pulvirenti examined eif^hty-tive do^s in Catania, during the months of 
February, March, April, 1910. None of them were affected. 

In October, November and December of the same year he examined 185 
dogs ; of these only three had leishmaniasis. Panto in Catania examined 
165 dogs; of these only four were affected. 

In Malta in April and May, 1910, Critien examined fifty-two dogs and 
found the j'jarasite in seven. liabington found it in one out of eight dogs 
examined. Wenyon also found infected dogs in Malta. 

In Athens, from December, 1910, till May, 191 1, Kardamatis found nineteen 
out of 284 dogs affected with leishmaniasis, and in Pyraeus fifteen out of 184 
dogs had the disease. In another report he collected the observations made 
on 589 dogs which he examined in the course of the yeai* (December 1910-1 i). 
Of these eighty-one had leishmaniasis (13*8 per cent.), blie infection reached 
its greatest intensity during the months of June and |ulv. 

Sangiorgi examined 310 clogs in Turin ; only one of them appeared to be 
infected. (I\ala-a/ai lias liithei to never been obsei ved in Turin.) 

In Hydra Lignos found eight dogs affected out of foity-eight which he 
examined. The infection was most marked in the summer. 

Alvarez, and Pereira da Silva examined 300 dogs in Lisbon ; nine of them 
appeared to have the disease. Dschiinkowsky and Lubis found one case in the 
neighbourhood of kdizabethgrad. 

Di Cristina and l^i (borgi in Palermo found only two dogs infected out of 
1. 000 which they examined. 

VV. Vakimoff and N. j. Schockhor examined 647 dogs in Taschkent and 
Samarkand in April to September, 1913, and found 157 suffering from 
leishmaniasis. In this district the total number of cases of kala-azar found 
amounted to thirty-one, of which twenty-seven were children, and four, adults. 

More recently similar observations have been made in Marseilles (Pringault 
and others), iviieran (Nelgian), West Africa (Lafont and lleckenroth) and 
Sardinia (Sotgin). No ca.se of kala-azar was ever observed in these places 
in a human being. 

In Hamburg Fulleborn examined fifty dogs ; none of them were infected. 
In Haghdad Wenyon examined no dogs and found none of them infected. 
In Ciallebat (Fgyi'it, Sudan) Housfield found an infection resembling that of 
leishmaniasis in the spleen oi a dog. 

In India, Pattern, Donovan, How, Mackie, and many others found that no 
dogs were infected with Liislnnaiiia. Recently, however, Avari and Mackie 
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have found Leishmania infection in a from Bombay, and another from 
tlie Punjab. 

In Madras, Donovan examined 1,150 do<4s, Donovan and Patton 2,000 do^s 
without finding* any infected. Mackie examined do^’s in Now^oni^ (Assam) 
and VVenyon 250 don;s in Colombo with similar ne.ealive results. Row also 
^ot negative results in Bombay, except that quite recently he observed a case 
of cutaneous leishmaniasis in a doi^. 

I.abbc, 'Parcheta and Ameuille, as well as Prin.i;ault found defbute cases of 
infantile kala-azar in the South of France. Labhe^ Tarcheta and Ameuille, 
found splenic tumours, and changes in the bone-marrow of the house dog in 
one of the families where a child had Kala-azar. However no parasites 
were to be found in the dog. Pringai It found that canine leishmaniasis 
occurred in Marseilles. 

Relation 0/ Iliuiiaii to Canine LeislnnaiUii.C.Sr -Ouv knowledge with regard 
to the above may be summarized as follow-;: — 

In dogs the infection reaches its greatest intensity in the summer, whilst 
infantile kala-azar of the Mediterranean occurs at the end of winter and in 
the spring (Gabbi). Besides, there is no obvious parallelism between human 
and canine leishmaniasis. 'Phis is especiallv the case with Indian kala-azar, 
as in India very rarely leishmaniasis has been observed in dogs, even in the 
most heavily-infected regions. Thus, Mackie found that the microscopical 
examination of the spleen and bone-marrow of over one hundred dogs selected 
from kala-azar villages in Assam did not reveal the presence of Leisliiiiania 
in any of them. In the author’s experience there is no connection whatever 
between dogs and kala-azar as it occurs sporadically in diflerent parts of 
I^engal, because very rarely does one (ind any association between dogs and 
infected individuals. Kven in the case of Mediterianean kala-az;ir, though 
in the region where infantile kala-azar occurs, the natural intection ot dogs 
IS not uncommon, yet there is great irregularity in the distribution of canine 
leishmaniasis and infantile kala-azar, and it is only rarely that dogs suiter in 
houses in which human beings are infected. 

On the other hand, dogs may be infected with infantile and Indian 
kala-azar as well as with canine leishmaniasis by expeiimental inoculation, 
d'hey may also be infected by subinoculation. Dogs infected with experi- 
mental canine leishmaniasis display close resemblance as regards symptoms 
and pathological lesions to the disease brought about by experimental 
inoculation of dogs by Leisliniania donoiuini {\ Mvci'iiw). these experiments 
tend to show that canine and human leishmaniasis may be due to one and 
the same parasite. 

^^The important tpicstion arises as to whether the naturally occurring 
disease of dogs is due to Leisliniania donovani or to some other species. 
The disease produced in dogs by inoculation with the parasite Iroin human 
sources is identical with tlie natural canine disease, while the organism troni 
the canine disease is inoculable to animals, with results similar to those 
which result from inoculation of the human virus. 

“ In the present state of knowledge, and lack of absolute proof of the 
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method of tnmsmissioii of the disease, it is better to consider all the various 
systemic diseases in man and doj^s as due to one parasite, Leishnaniu 
doHOvani, It is liardly necessary to again remark that morphologically (in 
smears and cultures) the parasites from the various sources are identical. 

‘‘ Though it is admitted that the human and canine diseases are caused by 
tlie same organism, this does not mean that the dog is to be regarded as a 
reservoir of the virus. Some have maintained that in Italy the disease 
necessarily passes from dog to man, but so many cases occur which cannot 
l)e associated with any infected dog, that it would appear tliat the infection of 
the animal is as much an accident as the infection of the human beiiig. Areas 
occur in which, apparently, only dogs have the disease, while in others only 
human cases are known. It is claimed, however, by Basile (rc^ib) that in 
Bordonaro, in Sicily, where a high percentage of naturally infected dogs 
occurred, the extermination ol these has led to an almost complete disappear- 
ance of the human disease. ’ (Wenyon.) 

Xicolle and other investigators repeatedly examined c.its, but never found 
any sign of the disease in them. Sergent, Lombard, and Ouilichini found 
Lci^huiauia in a cat in one case, and this was in a house where a child had 
leislimaniasis. 

In India (Madras) l^ltton tried to lind LcishiiKniid in many other different 
animals, viz., mice, cats and rabbits, goats, monkeys and jackals, but with 
no result. 
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CHAPTER VIll. 

HERPETOMONIASIS AND LEISHMANIASIS. 

A srMMARY of some of the work performed re.^iirdint; the connection 
between herpetomoniasis jind leislim;ini;isis is ^iven below : 

Herpelomonad flagellates have bc( n found by vai ions investigators in 
insects and in vertebrates. 1 would refer ro the work of I'atton, Marzocchi, 
Nbller, Fantham and Porter, Alackie, Sergent, Shortt and others, 'fhey have 
been found in dog fleas, human fleas, rat fleas, Anopheles, culex and bugs 
among insects, and in mice, lizards and pigeons among vertebrates. 

Flagellates of LeisUttinnia have been found in the smears taken from certain 
cases of cutaneous leishmaniasis (Kabagliati, Mongo, Kscomel, La Cava). 

Many investigators have tried to discover whether it is possible to infect 
vertebrates with the flagellates which occur naturally in insects, 'fhey have 
arrived at divergent results. Wenyon was really the lirst to work at this 
problem (1907). He tried to infect rats with flagellates taken from tabanus, 
but he met with no success. 

A series of experiments performed by Laveran and Franchini, showed the 
possibility of infecting mice with flagellates found in different fleas, AnopheleSy 
Plilehotoinns, house-flies and Meloplin^iis, Subsecpiently Fantham and Porter, 
working with the llagellates which occur naturally in Xepn eiiiercn, 
Ctcnoeeplialiis amis, Strationiyia rlumieleon, f\'(iienlns veslinienli, (ienis 
pnludnni and Cnlcx pipiens, were able in a number of experiments to infect 
lishes, newts, lizards, toads, frogs, mice and birds. On one occasion they 
succeeded in infecting a snake. In this way they were able to induce acute 
and chronic herpetonioniasis in vertebrates. Leishmania-like and flagellate 
forms appeared in their tissues. The organs most affected were the liver, 
spleen and bone-marrow. 

Laveran and Franchini, as well as Fantham .md Porter, have described 
the frequent occurrence of uninucleate parasites in their experimental animals 
after inoculation. These investigators obtained the same result with feeding 
as with inoculation experiments. 

If these observ^ations receive c()nhrmation then it is possible that 
leishmaniasis may be an insect-borne herpetonioniasis, and the natural 
herpetomonads of insects may become pathogenic to man. 

Other investigators, however, have repeated these tedious and exhaustive 
experiments, and Hoare, Shortt and Buchner, among others, have been unable 
to confirm the above results. 
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Hoare’s experiments, m which he used Crithidia ineJophagia {Trvpaiiosofiid 
mclopJingiHm)y a flagellate employed by Laveran and Kranchini in many of 
tiieir experiments, llcrpctonionas cit/liplionr and Hcrpctoiiioiias jacultiin were 
quite unsuccessful. The vertebrates which he tried to infect were mice, fishes, 
lizards and fro^s. 

Shortt also oiitained negative results. His experiments were even more 
exhaustive and complete, because he made cultural investi.{4ati()ns in order 
to determine tlie presence of infection with Ilcrpcloinonas ctcnoccpludi and 
Hcipctonioiuifi ht(il(i\ The following is quoted from Shortt’s paper : — 

‘^Thc first point which one has to consider is what constitutes an infection 
with flagellates. The mere introduction into an experimental animal of a 
given flagellate and the subsequent recovery of that flagellate before it has had 
time to be destroyed by the tissues or body fluids of the animal do not 
constitute proof of an infection. To constitute the latter there should be a 
true invasion of the organs, tissues, or fluids of the host by the parasite, an 
invasicui which is able to maintain itself for an appreciable period of time 
with multiplication of the parasite, and which should be demonstrable by the 
recovery of the parasite by microscopical or cultural methods, preferably the 
latter, as being less liable to error in the case of positive results. To 
demonstrate such a true infection by microscopical or cultural methods, 
these should only be applied some days after the last infecting feed or 
inoculation, in order to avoid the possible recovery ('if the parasites which were 
originally introduced. A large percentage of the (jxjierimenlal animals 
employed by Laveran and Kranchini, and by Kantham and Porter, were found 
to (lie as a result of infection with flagellates, and yet in many of these the 
parasites found post mortem were comparatively few in number. Now, in 
the majority of protozoal diseases death is not caused except by the presence 
at some time or other of large numbers of the causative parasite, and we 
know that in kala-azar the presence in the body of very large numbers of 
parasites may be cjuite compatible with the continuance of life for a 
[U'olonged period. 

Laveran and Kranchini especially, but also Kantham and Porter, make 
mention of the frequent occurrence in their infected animals of uninucleate 
forms of the flagellates. What an* these uninucleate forms ? Do they 
represent a new stage in the life history of these flagellates, or <ire they 
some organism having no connection with the parasites being experimented 
with ... It is true th.it in cases of tiue leishmaniasis, and even in insect 
gut forms, one may see what appear to be uninucleate forms, but it is almost 
certain that these are merelv due to unfavourable orient.ation of the parasite. 

“ Kranchini and Mantovani’s experiments with Ihi pciomoiids niiisuv 
doincsfiCiV yii'lded at least one result which is quite incomprehensible and for 
which they advance no explanation or even excuse ! They state that blood 
from a rat infected with these herpetomonads vielded in culture ‘anaplasma’ 
forms. These forms inoculated into two mice gave rise to a herpetomonad 
infection. Do these authors suggest that the anaplasmata are stages of 
herpetomonads ? 
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''The next point one has to consider is the hir^e niiinher of positive results 
recorded by Liiveran and Franchini, and by I'anlliani and Porter. 1'he latter 
authors, as already pointed out, got about S5 per cent, of positive results, 
'fhey used in their experiments, among other animals, martins, frogs, loads, 
fish, and lizaids, all animals whose natural diet is largely if not entirely 
insectan. Other of their animals, such as sparrows, live largely on insects at 
certain times of the year, especially during the summer months. If, then, 
such animals were so easily infected, and so often succumbed to infection, 
how was it possible to obtain controls, since these also must have swallowed 
many insects harbouring Hagellates ? How, indeed, do any of the insecti- 
vorous animals, mammalian, avain, reptilian ov amphibian, continue to exist ? 

“'flic most disappointing feature in the wiiole record of experimentation 
with insect flagellates seems to me to b<* the small use which has been made 
of modern cultural methods of detecting flagellates of the type used in these 
experiments. 

“ In the whole of Fantham and I'orter's work there is no single experiment 
where the positive microscopical findings were controlled by positive cultural 
results, or even atUaupts to obtain such, and even Laveran and Franchini 
until very recently made little use of cultures to confirm their findings. Until 
19 19 they record no successful culture made from their inoculated animals. 
In this year they obtained one positive result from a mouse infected by a 
culture of Ilcifcloniomis (tctioci'pluili. In spite of this siu'cess they do not 
seem to have used cultiual methods in subse(|uent experiments, if \vc except 
their procedure to get pure cultures of /tcrfyc/omoiias jdi iilinn. 'rh(‘se were 
(detained by inoculating mice intraperitoneally with gut contents of Xrpn 
cinevea and then making cultures from the liver. These cultures were pre- 
sumably obtained for producing infections with pure lailtures of Hetpclomoiids 
jdCiilinUy but no such subsecpient experiments were recorded. Iloare, 
Chatton and Xoller, who used cultural methods to supplement microscopical 
examinations, got uniformly negative results.” 

1 have already discussed how far experimental evidence goes in favour of 
fleas transmitting kala azar to man from infected dogs, and have shown tin* 
conllieting results obtained by different obsei'vers. If, however, the natural 
flagellates of insects are likely to be converted into Lcisliiiiddidy it then becomes 
possible that human leishmaniasis, some forms of natural canine leishmaniasis 
and some other forms of insect llagellosis, may be due to one and the same 
protozoon. 
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CHAPTER IX. 

CLINICAL VARIETIES OF INTERNAL LEISHMANIASIS OR 
KALA-AZAR.— COURSE AND SYMPTOMATOLOGY. 

(In'J'II. rccciidv it was that Indian kala-azar and Mediterranean 

kala-a/ar were two distinct diseases because it was believed that : — 

(1) It was possible to leco/^ni/e dilTerences both in the pathogenic action 
and biological reactions of the two parasites. 

(2) 'I'here were delinite, thon/^h slii^ht, differences in the clinical pictures 
of the two diseases. 

(3) 'riiere was a ditference between tlieafjesof the patients atfectecl in India 
and in the Mediterranean countries. 

On the other hand, many workers, includin,!^ Leishman, Nicolle, Piaiiese, 
Laveran, Castellani, Kho and others supported Gabbi in the objections which 
he laised in ipo()-io. He showed that : — 

(1) 'fhe two forms of Lrisliinniiiit (LcisJinuinid doiiordiii and iiifiiiiliiin) 
have the same morpholoi^ical, biological and pathogenic characteristics. At 
the London Intianational Congress of Medicine and Hygiene in J(>i3, 
Laveran and Nicolle e.xpressed their agreement with him. 

(2) 'The clinical picture and the pathological anatomy are identical in 
Indian kala-a/ar and Mediterranean kala-a/ar. 

Moth in the Indian and Mediterranean forms of the disease, complications 
such as intestinal infection (enteritis, tS:c.), diseases of the respiratory 
passages (bronchitis, bia)ncho-pneumonia, pleiiritis and tubeiculosis), ui inary 
system (nephiitis and intl.immation of the bladder), and nervous system 
(meningitis), are observed. 

(3) It is not true that in Mediterranean countries only children suffer 
from internal leishmaniasis. 'Lhe disease has certainly been observed in 
adults in these places, although it does not occur so frequently. (Archer, 
Philipps, l^abington, Hassett-Smith, Christomanos, Gabbi, Fucei and Basile, 
Kalatschnikoff, Gourko, Petrow, Mikoforoff.) In Asia, too, the number of 
adults infected does not always much exceed the number of children. 

In India children frequently become infected, and in a few provinces in 
China it is children that mostly contract the disease (Cochran, Jerusalemy). 

There exists, therefore, no distinction between Indian and Mediterranean 
leishmaniasis. 

.Although the parasite^ of the kala-azars appear to be morpiiologically 
identical, and there is much similarity in the symptomatology of the two 
torms ol the disease, yet it is convenient to study them clinically apart. 
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1. kala-azar ok adults. 

The incubation period of kala-azar of adults is said to ran^e fro.n three 
weeks to several months. In one of Afansou’s cases the time between die 
arrival of the patient m an endemic area in India and the onset of the fever 
was under ten days iir more correctly, as was siibsei,uently pointed out by 
laiw, twenty days. In one of the authors cases the incubation period was 
not more than one month. 


In aitificially-infectecl do^s the disease may remain latent for months and 
in monkeys the incubation period is about sixty days. Shortt has recently 
been able to demonstrate the Leishman-Donovan bodies in smears from the 
liver in monkeys thirty-nine days after infection. 

It was suggested by Sprawson that t ie incubation period in some of his 
cases in Mesopotamia was two years, or even more. 

The premonitory symptoms of the di -ase are indefinite. In a large 
majority of cases the disease begins like typhoid fever. In another class of 
cases there is history of intermittent attacks of fever, with or without rigor, 
cpi(.)tidian for some lime and later on becoming irregular. In a third elass 
there is a history of attacks of low fever with slight pyrexia from the ix*ginning. 
In a fourth class which is, however, rare, there is no previous history of 
any definite attacks of fever, but the spleen becomes slowly and steadily 
enlarged. In a fifth class which is also rare, the patient gives a history of 
gastro-intestinal troubles with dysenteric or diarrlucic att.icks, followed by 
(edema of the legs and attended from time to time with ague-like attacks. 

'i'he disease may sometimes be clinically divided into three stages : — 

(1) The stage of initial typhoid-like fever. 

(2) The stage of secondary low fever or afiyrexia. 

(3) 'I'lie stage of cachexia. 

Frecpiently these stages arc not sharply marked off from each other, 
and the typhoid-like pyiexial attacks of the initial period may gradually 
become less sevx*re until they merge into a period of apyrexia or ehronic, 
low, irregular fever followed by waves of high rises of temperature, and sooner 
or later cachexia supervenes. Most of the cases begin with symptoms like 
typhoid fever ; the next in frecpiency begin like malaria. 

Accurate statistics are not available to show the percentage of different 
modes i.)f commencement of the disease. While in many cases it commences 
like typhoid or paratyphoid fever, in others it begins as remittent fever 
with double rises of temperature during twenty-four hours, constituting what 
has been termed double remittent fever. In others it begins like malarial 
lever, with intermittent attacks of fever from the very beginning. In these 
malarial attacks there may be sometimes single rises of temperature during 
twenty four hours, and sometimes double rises of temperature with single or 
double intermissions. 

S(jme of the sporadic cases observed by the author in very early stages 
of the disease in the Calcutta Medical College Hosjiitals bore a strong 
resemblance to typhoid fever. The blood showed a partial Widal reaction 
(i in 40). In these progressive leucopenia was frequently observed fioni 
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week to week. Tliis w:is much more marked than in an ordinary case of 
typhoid and was very siiy^estive of tlie disease, the diagnosis of which was 
subseciuently contirmed by positive flagellate culture from the blood and by 
very ra])id cure after administration of a few doses of urea stibamine. 
Double infection of kala-azai and typhoid or paratyphoid fever is not un- 
common. In these cases there may be positive Widal reaction (i in loo or 
more), and there is a positive culture for flagellates from the blood, the patient 
showing delinite symptoms and signs of kala-a/ar after running a course like 
that of ordinary typhoid or paratyphoid fev'er. These cases of doul)le 
infection may le.ul one to believe that infection with viruses of both the 
diseases might take place through the intestinal tract. Or is it possible that an 
attack of typhoid fever precipitates the appearance of symptoms of kala-azar 
in an individual who may he harbouring the LrisliiiKfiiid in a latent stage for 
some time ? 

h'roni the very beginning the spleen is enlarged to a greater degree than it 
is in typhoid or malaria. The liver is also enlarged from tlie beginning. 
After the subsidence of the initial stage and the coincident amelioration of the 
general symptoms, there is a diminution in the size of the spleen and the liver 
in some cases, while in others they go on increasing steadily. There is either 
apyre.xia during the second period, or probably more fret|uenlly Die patient 
gets a low intermittent type of fever of which he is unconscious. Sooner or 
later after this period of apyre.xia there is another febrile attack, and the patient 
again begins to suiter from some of the types of fever to be presently described 
which may again be followed by periods of apyre.xia. Kxacerbations of high 
fever alternating with apyrexia or low fever occur in the course of the disease. 
These exacerlxdions may lender it impossible to iix a delinite second stage of 
the disease. After six montlis to a year the fever may assume low intermittent 
type which may continue until the end, or it may give way to an attack of the 
remittent type of fever which may terminate fatally, as has been noted in 
some cases. 

K'igors and sweating have been observed, especially in cases of the mal.irial 
type, d'he terminal stage may be apyrexiiil, especially in debilitated and 
emaciated patients. 

In the initial stage of the disease ameniia is not a marked symptom, but 
as the disease becomes established aiuemia with a marked and progressive 
leiicopeni.i is a characteristic phenomenon. AniCmia is not generally so 
m.irketl as in infantile kala azar. 

h'recjuently the leucopenia is out of proportion to the amemia, and a 
characteristic blood-change may be observed which will be described 
later on. In some cases, however, the amemia may be so profound that this 
characteristic blood-change is not present. 

As tlu' disease advances there is a progressive emaciation with (edema 
of the extremities, the latter sometimes appearing early in the course of 
the disease. Ascites may be present. There may be h:emorrhages from 
mucous membranes or under the skin. Kpist.ixis and bleeding from the 
gums are common, lliematemesis and mehxma may take place. Women 
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frequently siillcr from amenorrluva. There may he menorrlia^ia. Abortions 
may occur in pregnant women. 

The duration of the disease is variable. It may run an acute, subacute or 
chronic course. The duration in chronic cases may be two to three years, 
or even more. In one of the author s cases the patient suffered for more than 
live years. On the other hand, the disease may run an acute course and 
terminate fatally in one or two months, or, more rarely, after a few weeks. 
These acute cases are generally found in places where epidemics occur and 
during their prevalence. 

The cardinal symptoms of a fully established case are : Great enlargement 
of the spleen and enlargement of the liver, emaciation, cachexia and frequently 
a^dema, irregular pyrexia with tendency towards a double rise during the 
twenty-four hours, anicmia with progr *ssive leucopenia, the latter being in 
several cases out of proportion to the former, abdominal symptoms, especially 
dysentery or diarrha‘a, tendency to luemonhages and cancrum oris. 

Symptoms oj Kala-azar of Adults oousideved iii Detuii. 

The types of fever. These are as follows (see charts) : — 

(1) Intermittent pyrexia, with or without rigors, of a ciuotidian type, the 
paroxysm rarely appearing at the same time every day, but more frequently 
showing anticipations or retardations (tig. 3). 

(2) Irregular intermittent pyrexia, with or without rigors, which may 
continue for months or pass into any of the other types (lig. 4). 

(3) Double quotidian pyrexia with two intermissions during twenty-four 
hours. There is a rise of temperature towards very early morning, followed by 
an intermission before T2 a.m., and a second rise in the evening, followed by 
an intermission before 12 p.ni. The heights of the temperature in these two 
rises are not necessarily equal ; they may or may not be accompanied by 
rig(U-s (fig. 5). In some cases t^iis type of temperature may continue through- 
out the whole course of the disease. 

(4) Double ciuotidian pyrexia with a single intermission during twenty- 
four hours. There is a rise of temperature towards very early morning, followed 
by intermission as in (3). There is a second rise in the evening, which is not 
followed by an intermission but by a remission before 12 p.m. Hoth the 
above types are frequently interchangeable or merge into one another 
(fig. 6). These double rises of temperature may be continued for months. 

(5) Intermittent pyrexia with irregular periods of apyrexia. This is one of 
the common types of fever in this disease and may be continued for months. 

(6) Kemittent pyrexia, with a course similar to typhoid (lig. 11). After 
three or four weeks of illness the patient gets an intermission, and feels 
better for a variable period until the recurrence of fever. In some cases the 
remittent type may take on an intermittent type after some days, before a 
complete apyrexia comes on. 

(7) Double remittent pyrexia. There is a rise of temperature towards 
very early morning, followed by remission before 12 noon. There is a second 



62 


Kala-Azar 


rise in the evenings followed by remission before 12 p.m., but the 

temperature does not come down to normal. This type, when present, is very 
sii)4^estive of kala-azar (lig. 7). 

(8) Combined intermittent and remittent pyrexia of long duration (fig. 8). 

(9) Triple quotidian pyrexia, the rises of temperature taking place at about 
3 a.m., 2 p.m. and 8 p.m. (fig. 10). 

(10) There maybe multiple rises of temperature during twenty-four hours, 
but this is very rare. In one of the author’s cases there were four rises of 
temperature in one day, followed by live rises the next day (lig. 2). 

(11) lonally, there may be indefniile periods of apyrexia (lig. 9). 



It should be noted that a double rise of temperature within twenty- 
four hours with a single or double intermission, continuing for ///a/iy nioiiflis, 
does not occur in malaria and is a clear indication of kala-azar. 

Cliilh (Hill Rigors are not uncommon in the type of the disease 

which resembles malarial fever. There may be two or even three rigors in 
twenty-four hours, but as a rule there is no periodicity in these attacks. 
Sometimes there is a chillv sensation at the beginning; of the fever. 
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Nervous .Sv5/i7//.— Ileacliichc is a variable syniptoin hut not so sevtax* as in 
typhoid, and is more often noted in early than late eases. 

Delirium may be present in the initial typhoid-like slai^x of the disease, and 
also siibsultiis tendinum and earpholoijy, but they are rare. Kits resemblini^ 


Date , Z,3 . , ZA , ZS , ZS . . Z7. , 


July 
Date S. 
Time \M i 
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Fi(i. 9. -.An almost apyrcxial course of kala-a/ar. (Ori;finaI.) 

those of tetany, Qilcptiform convulsions, delirium or coma, are met with 
occasionally, shor*bcfore death. Generally speakin^^ the mental condition 
of the patient is quite clear throughout the course of the disease, and even 
in the high fever of the early stage. 
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Cidslro-intcsHiuil Syniptoins , — Tlic tongue is usually clean, even in the early 
stages of high fever, and the patient has a remarkably good appetite, even 
when the temperature is liigli. In some cases, though the appetite is good 
the digestion is bad, or tlie patient dislikes his food as soon as he begins 
to take it. In other cases loss of appetite is a troublesome symptom. Nausea 
and vomiting are only rarely present, even in the malarial type of the 
disease. Constipation is more fiet|ucnt than diarihcea in the initial stage. 
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r'u;. II. KVinittciit pvivxi.i. (( )rijniii;il.) 


In some cases diarrluva or dysentery is a persistent symjUom throughout the 
major part of the disease. l.cisJiniania dysentery mav occur, but is rare. 
AiiKcbic or bacillary dysentery is a serious complication in the terminal 
stages, d'here may be hiematemesis and more frequently melama, apart fiami 
any cirrhosis of the liver. Meteorism is not a common svmptom of tlie 
disease, even during the stage ot high remittent fever, and this contrasts with 
what is observed in typlioid fever. 

The Skin . — In many cases the skin assumes a peculiar glistening and stretched 
appearance, with an earthy-giey colour. Dark pigmentation of the skin is 
neither so frecpienl nor so markeil as the name of the disease would signify, 
especially in the sporadic cases that arc met with in Bengal. In dark 
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skinned people the skin of the forehead, the temples, and around the 
mouth may be more deeply pii^mented, but this si<^n is frequently absent 
or diriicult to recoi^nize. In some cases, however, darkening of the skin is a 
prominent symptom, especially in the later sta;^e of the disease. This is 
especially common in Assam. The hair is apt to be dull, dry and brittle, 
and may fall out. (T2dema of the extremities, especially the lower, is some- 
times observed early in the course of the disease, and in the late sta^eies theie 
may be f^eneral anasarca. 



Kk;. 12. Scvc-rc ema- 
ciation in kala-a/ar. 
The swcllinii ol‘ the 
face indicates coni- 
lnencin,^canc^lun oris. 



Kio. 13, Kinaciation 
with marked splenic 
enlari^einent in kala- 
a/ar. 

(Original.) 



k'Ki. 14. A case of kala-.i/ar 
witli (edema of the lace, and 
;,;eneral anasarca. 


Various forms of skin eruptions arc apt to distress the patient. Painful 
ulcers, wherein the Ivcishman-Donovan bodies may or may not be found, 
may be present. There may be iKcmorrhages under the skin, especially in 
the late statues of the disease, and if they occur early in the course of the 
disease the prognosis is bad. l^anphi^oid eruptions may also occur. 

General Appearance , — Kinaciation is a strikin,<4 si^n early in the course of 
the disease, though rarely a flabby ainxMiiic appearance may be observed, 
especially in women. In cases without oedema, the thin face, wasted arms 
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iiiul lej^s and proniiinMil ribs are very striking (fi^s. 12 and 13). Along with 
the wasting, the abdomen l)econies more and more distended, due to the 
great enlargement of the spleen and the liver, and also to some extent to 
ascites, d'he superticial abdcmhnal veins may be dilated, and there is often 
visible pulsiition in the veins of the neck which is sometimes very marked. 
In cases with (edema, the wasting witli prominent abdomen and (edema of 
the lower extremities gives a characteristic pictui e of tlie disease. 

Aiuniiid . — (ieneially speaking amemia is not so marked in the early 
stages of the disease as in malaria. Rarely, however, veiy severe amemia 
may be pre:^enT, especially when the disease is contracted during piegnancy, 
or in the puerperal period, or when the disease is complicated with ankylo- 
stomi.isis or sometimes without any of these complications. 

Cdnlio vdsculitr Symploins. — 1 'here may be murmurs audible over the heart. 
Sometimes there may be symptoms of cardiac dilatation. Mackie has laid 
stress upon tachycardia in the disease, which may be present even when 
there is no rise of temperature. This tachycardia may be noticeable early in 
the course of the disease. An unusually slow pulse was observed by the 
author in some cases a few days before death. A venous pulse is often 
recogniz ible in the neck. 

Rcspirnfory Syniptodis . — lironchitic symptoms may be present in the early 
stage of the remittent lever in this disease, but are neither so marked nor 
so common as in typhoid fever. Towards the termination of the disease 
bronchitis is frecpiently present and is sometimes a troublesome symptom. 
Sometimes there is a troublesome cough due to a relaxed condition of the 
thi'oat. (Kdema of the glottis may occur. 

(fulema,- (Kdema of the lower extremities is sometimes an early symptom 
of the disease and is common in its late stages. Sometimes there may be 
circumscribed (edema, Krequently the patient gives a history of (edema of 
tlu; lower extremities having been present during some stages of the disease. 
I\*arely there may Ik* cedema ol the face and gen(‘ral anasarca (lig. 14). 

rriiKuy Synipfonis . — Slight albuminuria is fre(]uentlv present, and 
casts are sometimes found in the urine. In a seri(‘s of twenty cases albumin 
was present in the urine in fifteen, ranging from a trace to a delinile cpiantity. 
Ibematui'ia and cystitis are rare. I'he author lias observed iKcmoglobinuiia 
in two cases in which there were no signs of malaria. Indican may sometimes 
be present in the mine. 

The SpU'i ii . — 'rile spleen is enlarged in almost eveiy case of kala-a/ar. The 
great peculiaiity in its enlargement is its progressive character. In some 
cases the spleen may apparently be suddenly enlarged, so that it reaches 
up to the umbilicus, when the fever has been of a month’s duration. The 
spleen m<iy diminish with the decline of the temper.iture, but in other cases it 
continues to enlarg^*veu when the patient has passed into an apvretic stage 
alter the subsidence of the initial remittent rise of temperature. In ( xtremely 
rare cases there may be little or no enlargement of the spleen, as has been 
observed in .Assam by Dodds Price and others in (Uher endemic areas. Some- 
times an attack of mehena or severe diarrluva is followed by a remarkable 
diminution in the size of the spleen. 



1 nnptoniato/oi^y 


67 


The consistence of the spleen is ^cncnilly hard, especially in chronic 
cases, but it is not invariably so, especially in the early sta,e[e of the disease. 
Generally speaking it may be stated that a spleen which is soft or hard and 
has become much enlarged in a short time is more likely to be due to kala-a/ar 
than malaria. Out of a series of 106 sporadic cases in the autheu’s ward 
it extended from t in. to 3 in. in 34 cases, 3 in. to 5 in. in 41 cases and from 
5 in. upwards in 31 cases. In this series the greatest enlargement of the 
spleen was 10 in. below the costal arch. In Rogers’ series of the sporadic 
cases in Calcutta the organ reached up to the level ol the navel or below in 
85 per cent., while in 10 per ccim it extendeil to the level of the anterior 
superior spine of the ileum. 

Christophers has described the following types of enlarged spleen met 
with in endemic areas of kala-azar in India : — 

“(1) Large spleens yielding LrisJuiuviid on puncture. 

“(2) Large spleens in which no parasites are found even when many 
splenic cells are included in the blood drawn from the spleen. Nevertheless, 
not infrequently in these cases the history and clinical evidence very strongly 
suggest kala-azar. It is possible that at certain stages of the disease parasites 
are greatly reduced in numbers or that they .ire .absent from portions of the 
spleen. 

“(3) Very large spleens exactly resembling LcisliiiK^id spleens, but there 
is usually a very long history, and the patient, though he m.iy be an.'cmic, is 
well nourished and may even be robust, 'riie frequency of this condition 
among the immigrant coolie population from certain localities, e.g., Arrah, is 
vei y noticeable (I think they are probably ot mal.irial origin). 

“ (4) Very huge spleens associated with marked amemia and often with a 
considerable amount of (cdem.a of the face .and ascites. 'I'o superlicial 
examination these cases often simul.ite kala-azar vei y closely, but on puncture 
they yield only malarial parasites.” 

To the above 1 would add the following remarks: — 

(t) Cases of very enl.irged spleen are not infrequently met with in Bengal 
which do not show the presence of either malari.al p.arasites or Leis/iiiidiiid, 

(2) Spleens in which the enlargement is ephte out of proportion to the 
duration of the disease is more likely to be due to kala-azar than to m.il.iria. 

(3) An enlarged spleen reaching up to the umbilicus after .an illness of 
three or four months is more likely to be due to kala-azar than to malaria. 

(4) A spleen which has become much enlarged .after an illness of few 
months and whose consistency is soft is likely to be due to kala-azar. 

(5) Some very enlarged spleens may be due to either malaria or kala-azar. 

(6) Some very hard spleens may be due to either malaria or kal.i-azar. 

(7) Many cases of moderately enlarged spleens with soft consistency are 
found to be due to kala-azar. 

(8) Rare c.ases have been met with in which the spleen does not extend 
more than 2 in. below the costal margin after several months’ illness and still 
they .are due to kala-.izar. 

It would not be correct to say that very hard and very enlarged spleens 
are mostly due to kala-azar, because they may be due to malaria. 
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The Liver , — In llic majority of cases the liver is enlarged. In chronic 
cases it is hard on palpation and may underi^o cirrhotic chani^es. In early 
cases the liver is soft and /generally enlar^^es more quickly than in malaria. 
(Jenerally speakin;^ the liver is not so enlarged as the spleen, though very 
rarely the enlargement of the liver may be cjuite out of proportion to that of 
the spleen. 

Lyntplidiic Gldiuh , — The lymphatic glands in the axilla and groins may 
be sometimes enlarged, but not so fret|uently as in infantile kala-azar. 



Kui. 15. Splv.- 1 -ii aiul li\cr fiil.irm-MK-nt r'n;. Ih. Splenic .iiul liver eiil.ir.LieincMl 

in k.il.i-a/.ir, lOrii^inal.) in kala-.i/ar. (( )ri.L:inal.) 

The Hlooil. -As stated before, marked amemia is not a common symptom 
in the early stages of the disease. The red blood-corpuscle count varies 
between 2}, and 4 millions in a majority of cases. 

In a series of early cases Rogers found that under one month’s illness, in 
per cent, the red blood-corpuscle count was above 4 millions; between 
one and six months' illness, in 67 per cent, the red blood-corpuscle count was 
between 2 \ and 4 millions ; and over six months’ illness, in 2S per cent, the 
red blood-corpuscle count was below 2. I millions. 

Leiicopenia is frequently observed in this disease and in many cases early 
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in its course. The leucocyte count may fall to 700 or 800. Leiicopenia is 
frequently absolute as well as relative. Ana.uiiia and leiicopenia arc pro- 
^U'essive, but the latter progresses more rapidly, so that the ratio of white cells 
to red cells may be i to 1,500, or even less. This relative leiicopenia is of 
great diagnostic importance in the early stage of the disease (Rogers). Rogers 
points out that in uncomplicated kala-a/ar the ratio of white blood-corpuscles 
to red blood-corpuscles is less than i to 1,500 in nearly 90 per cent, of the 
cases, and in a large number of cases the proportion is less than 1 to 2,000, 
and he concludes that this degree of relative leiicopenia is almost absolutely 
diagnostic of uncomplicated cases of sporadic kala-azar. lie also found that 
in ejudcmic kala-a/ar the leiicopenia was less marked during high fever than 
during remissions or low intermittent pyrexia. He lays down as a rule, 
that in any cases of fever which n.ay possibly be kala-azar, the finding of 
less than t white to every 1,500 red corpuscles, and still more of greater 
degree of relative leiicopenia, will be almost diagnostic of the disease.’' This 
sign may, however, be absent in certain cases, for instance, when anaimia is 
extreme, as in advanced cases, in pregnancy and the puerperal stale, or when 
complications are present, such as pneumonia, phtliisis, cancrum oris, &c., or 
sometimes even in the absence of any of these factors, 'flie blood-counts of 
a few cases with marked anremia are given below : — 

(1) Red blood-corpuscles, 1,400,000; white blood-corpuscles, 2,170; 

ratio, I to 645. 

(2) Red blood-corpuscles, 860,000 ; white blood-corpuscles, 2,250 ; 

ratio, 1 to 382. 

(3) KV'd blood-corpuscles, 1,480,000; white blood-corpuscles, 3,8;o ; 

ratio, I to 382. 

(4) Red blood-corpuscles, 2,300,000; while blood-corpuscles, 3,300; 

ratio, 1 to 696. 

(5) Red blood-corpuscles, 1,500,000 ; white blood-corpuscles, 2,000 ; 

ratio, I to 750. 

These are most puzzling cases, as they fit in with kala-azar as well as with 
malaria. When the leucocyte count is 5,000 or more, this characteristic 
relative leucopenia is also absent. 

In a successive series of 200 cases in my hospital and private practice, the 
following was the result of blood examination ; — 

Red blood-count: In 13 cases above 4 millions, in 121 cases between 
2.\ and 4 millions, in 49 cases between ih and 2! millions, and in 15 cases 
below 1^ millions. 

White blood-count : In 1 case about 8,000, in ii cases between 5,000 to 
6,000, in 45 cases between 3,000 to 5,000, in 87 cases between 2,000 to 3,000, 
and in 56 cases below 2,000. 

Relative diminution of polymorphonuclear leucocytes is a very constant 
feature of the disease, and, according to Rogers, this corresponds to a 
relative increase of the large mononuclears, but, in the writer's experience, 
relative increase of the lymphocytes is more marked, though it may be less 
than in infantile kala-azar. 
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The eosinophils may decrease, accordin.t; to Rogers, Inil in many cases 
they are distinctly increas(*d during treatment with antimony. When the 
aih'emia is severe, poikilocytes, micro- and me^alocytcs, myelocytes and 
erythroblasts may be found in the peripheral bl(K3d. 

Tlie liiemo^^Iobin value of the bhjod diminislies alon,i; with the diminution 
of the red blood-cc^rpuscles. Ro^Ljers holds that the antxania is of tlie 
pernicious type, but frequently it is more of the chlorotic type. 

In one series of my cases the hauno^lobin value was as follows : — 

In 41 cases it was between 45 to 60 per cent., in 68 cases between 
40 to 45 per cent., in 65 cases between 30 to 40 per cent., and in 26 cases 
below 30 per cent. In some cases it was so low as 15 to 20 per cent. 

The avera,i(c colour index in this series of cases was 0*64, and in about 
10 per cent, of them it was nearly equal to the averai^e normal in Indians. 

lUocUciuical Cliaiij^c's in llic Blood, — 'Phe coagulability of blood is 
decreased in many cases, and when this decrease is marked there is a 
tendency to petechial lixmorrha/^es. There is very little chan^^e in the 
hiemo-salinity of the blood, but its alkalinity may be markedly diminished. 
In a series of cases, the average basic reactivity was found to be 0*092 normal, 
as compared with 0*178 normal, in a scries of healthy students. Incase of 
Indian kala-azar, the author has found that the relative luemo^lobin value 
of the resistant erythrocytes during haemolysis is less than normal. 

'Phe experiments in connection with deviation of the complement haive 
not ;4iven any reliable results. A limited number of observations were maide 
by me in this direction. In a series of ei^^ht c.ises the reaction was found to 
be positive in six and ne, native in two. The diagnosis of each c.ase wais 
made by spleen puncture, and the antiji^'en used was made by the alcoholic 
extract of fresh spleen of a kala-a/ar case, made by i4rindin<4 up one part 
of the spleen pulp with three parts of a mixture of eqiuil parts of alcohol and 
0*85 per cent. XaCl solution, and then heated for an hour at 60^ C. 'Phe test 
orii^inally employed by me wa.s i^'leminj^’s modilication of the Wassermann 
test. 1 subsequently tested this reaction accordin<4 to the ori^qinal Wassermann 
method and found that in only one out of four kala-azar cases this reaction 
was positive. Cornwall found that very careful experiments made with a 
stron.!^ extract of leishmania tlaijellates and the serum of a kala-azar patient 
failed to produce any deviation of the complement, pointing to the conclusion 
that no specific antibodies were present in the blood of a well-marked case 
of kal.i-azar. 

Till' Glohnlin Content of the Blood in Kithi-azm-. — The author has observed 
a marked increase in the globulin content of the blood, and probably there is 
an e.isily precipitable globulin in kala-azar serum, and these aie probably 
responsible for the globulin tests of kala-azar described by me, and tiie 
h.emolytic and aldehyde tests of others. 1 have separated a globulin from 
kala-azar serum which possesses marked anti-complementary properties. 

The following globulin tests are described : — 

(i) C'llobulin ring test. 'Phe serum of the patient is diluted ten to twenty 
times with normal saline in a test-tube, and then a small amount of distilled 
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wattT is gently poured over the serum— a distinct wliite ring forms over the 
surface of the scrum, similar to that which is observed in the ring test for 
albumin with nitric acid. 

(2) Globulin precipitation test. When the serum is diluted in a test-tube 
with two to three parts of distilled water, a white precipitate forms. Upon 
this depends the luviiiolytic Icsl, which consists of adding one part of blood to 
two or three parts of distilled water in a miniature test-tube or a Gower’s 
luemoglobinometer tube. A turbidity forms which consists partly of the 
precipitated globulin, partly of the stroma of ved cells entangling the 
precipitated globulin and partly of red cells not h;emolysed due to the globulin 
precipitated on their bodies mechanically preventing their solution. The 
precipitate settles down at the bottom of the tube after some time. 

(3) Globulin opacity test. One pm t ot serum is mixed with six parts (^f 
distilled water, and the juecipitated gl(»bulin obtained thereby is ponied into 
a graduated cylinder, the diameter of v’hich is i in. aiul which contains 
some black spots at the bottom. More and more of the tluid containing the 
precipitated globulin is added until the spots become just invisible to the eye 
looking down on them. The level of the Iluid indicates the amount ol 
globulin present. If the level is 1*25 in. or less then it may be regarded as 
fairly diagnostic of kala-azar. 

(4) 'fhe aldehyde test. One cubic centimetre of clear serum is placed in 
a test-tube of I in. diameter and 3 in. long, one drop of 30 per cent, formalde- 
hyde (commercial formol) is added to it and the serum is well shaken and 
placed on a stand. If within a minute or two the serum becomes “ set,” and 
then becomes absolutely solid and opacjue within three to twenty minutes, it 
is claimed to be diagnostic of kala-a/ar. The test is, however, negative in 
many undoubted cases of kala-azar, especially in the early stages. I lie 
turbidity and opacity are also variable in many cases of undoubted kala-azar, 
as well as in other diseases. Cases wliich are not kala-azar may be found in 
which the degrees of (opacity and turbidity may be greater than in a kala-azar 
case. Besides, the degrees of turbidity and opacity vary to a great extent 
with the time taken for them to develop. 

The globulin opacity test being a quantit.itive one gives more definite 
results than any other serum test. 

Regarding the presence of Lcislmidiiid in the peripheral blood, see Chapter 
on Pathology. 

It has been recently claimed by Chopra that when a solution of an organic 
antimonial of the class of urea stibamine is gently added on to tlie top of the 
serum of kala-azar [latients in a Dreyer's tube, it gives rise to a jirecipitate at the 
junction of the solution with the serum, and this is diagnostic t)f the disease. 
Chopra’s original test consisted of adding a 4 ]K‘r cent, solution along the side 
of the Dreyei’s tube. In a later communication he suggests that one or two 
drops of blood may be mixed with 0*25 c.c. of a 2 per cent, of potassium 
onalate solution and the test iierformed in the same way as with the serum. 

More dilute solution of urea stibamine has also been recommended. 

It would be interesting to follow the value of this test in other diseases. 
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It is si^^nificant that the test seems to be much allied to the globulin ring test 
of tlie author described above. 

It was long ago recognized by the author tliat when distilled water is 
added on to the serum of a kala-azar patient in a test-tube, a marked 
precipitate forms at the junction and that, as stated in the ghjbulin ring test, 
a precipitate forms even when the serum is diluted ten to twenty times with 
normal saline. 


II. INKANTILK KAI.A-AZAR. 

The incubation period of infantile kala-azar is also unknown, (hdibi 
observed an infant seven months old sulTering from it, and, judging from the 
symptoms, he concluded that it must have been attacked when it was four 
months old. Similar observations hav’e been made by others. Vakimoff and 
others found shorter pericxls of incubation in experimental animals, even less 
than two weeks. 

In some cases the course of the disease can be divided into three stages : — 

(1) First stage — lasting from one to three months. 

(2) Second stage — characterized by constant fever lasting for seveial 
months with progressive enlargement of the spleen and liver, auicmia and a 
characteristic pallor of the skin. 

(3) 'riiii'd stage — characterized by cachexia, attended with purpuric 
luemorrhages, marked amemia and extreme emaciation. There is frequently 
high and uninterrupted rise of temperature. In exceptional cases there may 
be apyrexia a few days before death, which is frecjuently due to respiratory or 
gastro-iutestinal complications. 

In the initial stages there is irregular fever associated with a progressive 
amemia. In some cases there may be complete intermission of the fever for 
two or three days at this stage. The patient is dull and suffers from 
constii^ation alternating with diarrlKca. 

As the disease progresses, wasting and abdominal distension manifest 
themselves, and the fever assumes an intermittent or remittent type, and 
there may be two or three rist*s of temperature in twenty-four hours, as 
has been observed by Jemma, Caronia and Xicolle. (Generally the fever 
subsequently assumes a continuous tvpe. 

'riie course of the disease may be acute, subacute or chronic (|emma). 
The acute type, which is generally fatal, lasts from one to two months and has 
occasionally been ol)served in Italy. 

ddie subacute ty[)e lasts from live to twelve months, and death may take 
place trom complications. 'The chnmic type lasts two to three years, and 
may end in recovery. In endemic localities all cases do not die, as has been 
observed by Jemma, Spagnolio, Xicolle, Lignos, and others, in the Mediter- 
ranean districts, and by Halfour in the Sudan. 

'riiere is generally progressive enlargement of the spleen, but Dionisi has 
observed that in very rare cases this may be entirely absent. The liver is not 
constantly enlarged. 
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III sonic discs the disease remains stationary. The cases that improve 
become more and more bright, the skin regains its normal colour, the spleen 
diminishes in size and may come to its normal proportions. Subsequently 
complete recovery takes place. 

In those cases that do not recover there is increase ol anaemia and 
weakness, and the patient becomes more and more listless. 

The muscular tissue wastes and loses its tonus. Children, especially in the 
third stage, look very cacliectic and pale with sunken I’catures, weary eyes, very 
pallid lips, lying immobile and .ipathetic. 

In many children a condition of drowsiness is observed towards the end. 
Subsctpiently the patient dies of some complication. 

Symploiiis of Infantile Kala-azar Considered in Detail, 

Tempera I lire. — This is frequently oi an irregular type, and in the early 
stages of the disease is interrupted by periods of apyrexia. vSometimes it is 
intermittent, becoming remittent with double or triple or multiple rises in 
twenty-four hours. Subsequently the fever assumes a continuous type 
without any periods of apyrexia. Occasional attacks of hyperpyrexia may 
occur, and sometimes the temperature may come down to subnormal (see 
charts, tigs. 17 and 18). In rare cases the pyrexia may be slight. 

Chills and Rigors, — These occur occasionally at the onset of the disease, 
the seizures coming on suddenly, as in malaria, and terminating with severe 
perspiration. As a rule, liowever, these rigors are absent, and the disease 
begins very insidiously. 

Xervons Sysleni. — Hie mental condition of the child deteriorates as the 
disease progresses. He will no longer play, and becomes more and more 
indifferent to liis surroundings as the anremia increases. He loses his spright- 
iiness and always rests in his mother’s arms, and sometimes becomes stuporose 
towards the end, 

Gastro-inteslinal Syniploins. — Vomiting and diarrluea, or constipation 
alternating with diarrlKca, are frec|uently present and sometimes are the lirst 
symptoms tliat are noticed in this disease. There is a good appetite which 
may be increased at times, l^arely there may be anorexia. The stools may 
contain undigested food material with blood and mucus. The motions are 
very foul. Ihemorrhage from the intestines is rare, 'riiere may be terminal 
dysentery or diarrluea. 

The Skin. — As the disease progresses, the skin loses its elasticity, and 
assumes a peculiar pale, transparent, wax-like or earthy appearance ; some- 
times it appears cadaverous-looking. Pin-point hc'cmorrhages, petechial and 
purpuric luemonhages, are common on the trunk, the abdomen and the 
extremities. Tiiey are pi'obably more common than in Indian kala-azar. 

General Condition. — Amemia is more intense than in adult kala-azar, 
and this is accompanied by wasting and disappearance of the sub- 
cutaneous tat. The prominent ribs, scapuhe and long bones, the protuberant 
abdomen due to enlargement of the spleen and liver, and ascites, and the 
enlargement of the superheial abdominal veins present a very characteristic 
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picture. Luter on axlema of the extremities, the face and the eyelids, shows 
itself. 

CKdema may arise in any slai^e of the disease, and sometimes it appears 
suddenly. Eai ly ccdema often vanishes suddenly. The a'dematous areas 
may be in (lamed and become painful. 

There may be visible pulsation of the veins of the neck. 

Diiiiinntion in — I^roi;ressive from the bei^innini^, and is especially 

marked towards the end. 

Cnntio-vdsailar Syitiploiii ^. — Tlie pulse is always vervrathd, and its r.ite out 
of proportion to the rise (T temperature. Tachycardia remains durin^e; periods 



Kic. I'r Kala-a/ar in a i liiM a-cd 1! vcars. (Original.) 

of apyrexia, and during the fever theiate may be 150-ibo. llamiic bruits may 
be present in the Iieart. 

hcspirdtory Syiiip/oiiis , — (here may be broncliitic symptoms and dyspiuea 
on exeition. There may be cyanosis and dangerous asphyxia, sometimes 
due to (edema of the i^lottis. Lobar pneinnonia, broncli() ])neumonia or 
pleurisy may be sometimes observed and es[)ecially towards the end. 

I niiary Syniplonis , — The urine usually remains normal, but there may be 
slii^ht albuminuria, (ji* diminution in the output. Lipuria may be present 
(hianchini and Lon^o). Petrone and Cannata found the dia/.o reaction 
piesent. Rarely there may be cystitis. Scordo found no abnormality in the 
ratio between the chlorides and nitrogen. 
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The Spleen . — The spleen becomes progressively enlarged, till it fills the left 
side of the abdomen, but there is no constant relationship between the size ol 
the spleen and the severity and progress of the disease, as has been stated 
erroneously. In the first stage the spleen is soft, and it begins to harden in 
the second and third stages. The spleen may diminish in size towards the end, 
especially after profuse diarrlKC‘a. The absence of enlargement of tlie spleen 
is very rare. The patient may complain of pain in the spleen and occasion.illy 
small superniimei ary spleens may be present. 

The Liver , — It is generally enlarged, but it bears no recognizable relation- 
ship to the enlargement of the spleen. Its edge is regular, sharply defined and 
firm. Some observers lay greater stress upon the increasing hardness of the 
liver than upon its enlargement. Hepatoptosis is very rai e ((jabbi). Sometimes 
there is no enlargement of the liver. 



i-'n;. 20. .\ c. ISC of inianlilc kala-a/ar. K )ri!.iinal.) 

The Lyniphiilii (i 7 ////(/.s^— The glands in the neck, axilla and groin, frequently 
undergo painless enlargement, according to some ob.servers, while otliei s state 
th.it they are as a rule imch.inged. Jemma and di Cristina described a case 
in which mieropolyadenitis occurred. l^'eletli, Cortesi, bevy, Spagnolio 
and C.u isto observed simple lynqdiadenitis in the l egion of the neck, 
axilla and groin. Cochran and Xeuniann, as well as Spagnolio, have found 
Leis/miniiin present in these glands. 

The nioe>if. The blood-ehanges are somewhat similar to those observed in 
kal.i-azar of adults. Hut the relative leucopenia is not so pronounced. In the 
Sudan variety of the disease, diminution of the eosinophils has been observed, 
'riie blood m.iy rarely show the presence of microcytes, macrocytes and piukilo- 
cytes, and, still more rarely, normoblasts. 'The luemoglobin content of the 
blood may be as low as lo per cent, and the colour index is kss than noi nial. 
C.mnata found the resistance of the red coi puscles diminished, while Abate 
observed increase of maximum and minimum resistance. The red corpuscles 
diminish in number as the disease progresses. As regards the leucoeytes, 
Cannata toimd in 31*1 per cent, the leucocyte count w.is normal or nearly 


Symploinatolog v 77 

normal, in 62*2 per cent, there was leiicopenia, and in O7 per cent, there was 
slight Iciicocytosis. 

Feletti and Longo, in Catania, and Kardematis, in Greece, and Pittaluga, in 
Spain, always found leiicopenia. Generally there is relative increase of the 
large mononuclears and lymphocytes at the expense of the polyinorphonuclears. 
The presence of lipemia, noted by Longo, has been conhrmed by Gabbi. 

As regards the biochemical changes in the blood, Milo, in Messina, and 
others have conlirmed the author’s observations on the gl(U’)ulin precipitation 
test in serum of adult kala-azar. 

Pavoni found that the complement-deviation reaction in cases of kala-azar 
running the usual course of the disease was nearly always negative. In some 
cases that recovered, the reaction was positive as also in chronic cases, 
though it might disappear suddenly if the patient suddenly became worse. 
The reaction for deviation of the Cvimplement was tried by Cristina and 
Caronia in eighty-eight cases of infantile kala-azar, with partially or deiinitely 
positive results in thirteen cases. In those cases in which a positive result 
was obtained the malady had only been of short duration, suggesting tliat 
there was an immunity reaction early in the disease. They also tried the 
complement-deviation reaction by the method suggested by Ascolti. It 
depends upon the fact that a subject who has been submitted to the action 
of an antigen without having reacted in the production of specific antibodies 
may be artificially stimulated with the small doses of the same antigen (killed 
cultures, toxins, ^c.), so that he acquires the power of forming these anti- 
bodies (Ascolti's allergic sero-diagnosis). Patients, suffering from kala-azar, 
in whose blood no antibodies could be detected were treated with nucleo- 
proteids extracted from cultures of Lcisliuidiiid. 'fheir blood showed the 
reaction for the deviation of the complement and agglutination on the fifth 
or sixth day. 

I)i Cristina and Caronia, as a result of their own observations and those 
of other observers, conclude that agglutinins and specific precipitins only 
rarely are produced in any quantity in the blood as the result of the natural 
lA'ishniitiiia infection, but tliat it is possible to produce them artificially by the 
injection of killed parasites or of nucleo-proteids extracted from these. They 
hold that the Lcislnnania act like other micro-organisms, in that they 
stimulate the body by means of toxins and endotoxins to the production of 
antibodies. In the cases in which a positive result was obtained, the malady 
had only been of short duration, suggesting that there was an immunity 
reaction early in the disease only. In one case this disappeared after lifteen 
days. The reader is referred to Noguchi's experiments on serological 
reactions (p. 35). 

Scordo found that the serum of kala-azar patients had some agglutinating 
action on cultures of lA'isJniKin 'ni that this action was more on the cultures 
of human than of canine origin. Handi has observed that the repeated 
intravenous injection of rabbits with cultures of LcisliiiKiiiid of human or 
canine origin causes the appearance in the blood of substances capable of 
agglutinating the cultural forms. The serum of rabbits injected with cultures 
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() canine LcishuKinid agglutinated cultures both of canine Lcislmidiiia and 
Lcislinidiiid iiifaiitnni in dilutions of i in i6o. Their sera further produced 
agglutination of cultures of Lcishitidiiia iropica in a dilution of i in 70. 
Montenegro reports that intradcrmal injection of alkaline extract of 
lA'isInnuiiia given to patients with leishmaniasis produces a positive reaction 
in more than 80 j)er cent, of cases, which, when typical, is diagnostic. 

Caronia holds that the complement power of the blood is increased in 
cases of kala-azar, being iiKue marked in the later stages of the disease. In 
this connection the author would refer to his observations that the serum of 
kala-a/ar patients contains a peculiar globulindike substance which possesses 
a marked anti-complementary property when mixed with a luemolytic system. 
The author’s observations on Indian kala-azar differ from those of Caronia 
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CHAPTER X. 

COMPLICATIONS. 

I. IN THIC ADULT FORM. 

Cancrum oris is common, and a most serious complication. There 
may be extensive sloui^hinff of the cheeks, and destruction of the muscles 
and bones of the face (see 21). The sloiighin.54 process may also 
extend upwards and destroy the eyeball. Septic absorption may take place 
into the vessels of the brain, ^dvini^ rise to cerebral complications, such as 
meningitis, &c., followed by convulsions, coma and death. In other cases, 
the slou^^hin,!^ process may extend to a lari^e arteiyand severe hiemorrha^e 
may follow. Death may take place from hamiorrhage from the facial or the 
lingual artery. In rare cases, sloughing may start from the soft palate, the 
pharynx, or from under the tongue. The tonsils may slough oil. Bleeding 
b’om the gums, ulcerative stomatitis, and pyorrlaea alveolaris are often 
observed. Septic conditions such as ischio-rectal abscess, mastoid abscess, 
otitis media, gangrene of the vulva, as well as sloughing and septic dysentery, 
may occur. There is a tendency to Iiiemorrhage from different parts of the 
body, as shown by petechije or large purpuric patches. These are serious 
complications, and appear more in the late than in the early stages of the 
disease. Hrematemesis and melama may occur and sometimes herald the 
end. These may be followed by a striking diminution in the si/e of the 
spleen. Mehena may occur with or without any dysentery. Kpistaxis 
may be severe and threaten life. It may be present either early or late in the 
disease. There may be cerebral luemorrhage and death may follow. 

Gastro-intestinal complications, such as diarrluca, bacillary or amoebic 
dysentery, are often terminal complications. Cases have been described in 
which dysenteric symptoms due to Lcislinitmid closely allied to those of true 
dysentery may appear during the course of the disease. Such leishmania 
dysentery must be very rare, and generally the dysentery is of the bacillary or 
amcebic type. Generally speaking, dysentery is a serious complication, and 
if it tends to be chronic it frequently ends fatally. Septic dysentery is almost 
always fatal. If dysentery is associated with marked fcdema and aucxmia, it 
is then frequently fatal. Very rarely death may take place from perforation 
the bowels. 

Bronchitis is frequently present when there is marked (edema. A relaxed 
condition of the throat may give rise to a troublesome cough. Broncho- 
pneumonia, lobar pneumonia, pleuri.sy, empyema and tuberculosis, may also 
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complicate the disease. If pneumonia is associated with cancrum oris or a 
septic condition (jf tlie moiitli, tlien it is very likely to end fatally. One case 
of the author had h.'emothorax, and sixty ounces of bloody fluid were removed 
from the left pleural cavity. 

Reference has already been made to tachycardia. More rarely there may 
be maiked bradveardia a few days before death. Dilatation of the heart may 
be piesent. |aundice and ascites due to a cirrhotic condition of the liver, or 
pressure of ci*lls loaded with I.cisJnnauid upon the bile or the portal capillaries 
in.iy be piesent. Liver abscess is rare. Rcrihep.ititis, peiisplenitis, infarcts 
in the spleen and its rupture have been noted, 'rhe author has seen extensive 
lu'cmori ha^e under the capsule of the spleen, givini^ rise to a luematoma. 



A <)1 cxUii^ivc c.iiKTuin <»ris in ;nluU kala-a/.ir, cured by urea slibaininc. 
(Ori.^inal.l 


Severe aiuemia, ^ijencral anasarca, albuminuria, and tiue nephritis may be 
present. 

Ankylostomiasis, ly]du)id fever, and lUicilUis coli infection may complicate 
the disease. Malaria may complicate the disease, but not so often as one 
would expect from the common endemicity of the two diseases in many 
plac(.‘s. 'This is partly to be attributed to the fact that most cases come for 
treatment after havini^ taken cjuinine, haviiii^ been primarily diagnosed as 
cases of malaria. In hospital practice malaria is rarely found as a complica- 
tion of kala-a/ar. 

In acute cases, typhoid symptoms, subsultus tendinum, delirium and 
coma, are occasionally present. These may also be present in some chronic 
cases shortly before death. Tetany, epileptiform tits, retinal and meningeal 
luemorrhages are unusual complications. 



Complications (S i 

Dropsy is soiiictiines found to be a very marked symptom of the disease 
and is frequently associated with much amemia. Cases with severe amemia 
and marked di'opsy are generally very resistant to treatment. 

Skin diseases and ulcers in the skin frequently arise in chronic cases. 

11. IN THE INFANTILE FOUM. 

Hicmorrhages may also occur in this form of the disease, such as severe 
epistaxis, which may be fatal, ha'inorrhagc from the gums, ])etechia‘ and 
purpuric patches. Mekena and haunatemesis are not common. Bleeding 
from the gums is common. There may be complications of stomatitis tv//^/- 
rihdlis and iilci'roso and noma. The former* makes its first appearance upon 
the lips, and subsequently affects the .hecks or the gums. It may be present 
either in a slight ( forma cafnrrlinli^; or severe form ( forma nlccrosa) and 
resemble true noma. Noma has been obseived in Tunis by Nicolle, in Italy 
by (labbi, Congo and Keletti, in (it eecc by Lignos and Chri-tomonos, and in 
Alalta by Critien. 

Critien obscs;ved cases of cancrum oris in which the course of develop- 
ment varied from three to six weeks. As long as the condition was 
maintained, there was jxaetically no pain. The affected mucous memlaane 
had a greenish-black siqxi'ficial appearance; it secreted a malodorous 
mucilagiiious fluid, which dri}>ped «iway at the corners of the mouth. In one 
case, observed by Congo, the infective process spread to the palate and nasal 
I’tones and destroyed both. Lcislimania have neeer been found in the 
secretion, except in one of (iabbi’s cases, in which instance he thought that 
they probably had come from the blood, because they were found in a 
moribund child. 

Septic infections, mastoid abscesses, otitis media and (U*afness, may 
complicate the disease. 

Kespiratorv complicatiems are not unusual. There may be bronchitis, 
lobar pneumonia, broncho-pneumonia, pleiiritis and tuberculosis. Sometimes 
there develop fatal dyspiuea and cyanosis, due probably to cedema of the 
glottis. Albuminuria, true nephritis, hicmaturia and lipuria may also 
complicate the disease. Malaria and ankylostomiasis may be associated with 
infantile kala-azar. Obstinate diarrheea, entero-colitis and dysentery may be 
dangerous complications, and lead to death. In many cases these intestinal 
disorders are due to errors in diet. There may be cerebral hicmoii hage and 
spinal meningitis. Skin enqitions may be present, e.g., pemphigus (Nicolle). 
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CIIAPTKR XI. 

PROGNOSIS. 

Tiik pro^^nosis of in ciiscs of untreated adults is very /^rave. 

liefore treatment with anliinony had been introduced about 50 to 95 per cent., 
or even more, of the case's died. In Assam it is a well-known fact that 
before any trealment for kala-azar was known, at least 90 per cent, of those 
attacked succumbed to the disease " (Murison). A very low leucocyte count, 
marked diminution of the polymorplionuclears, and severe aiuemia indicate 
an unfavourable pro^^nosis. Complications intluence the prognosis, especially 
cancrum oris, dysentery, diarilKca and iKcmorrhajLjic tendencies which are 
very serious, (lases of canci um oris without reactive leucocytosis invariably 
terminate fatallv, while tho.^e with a well-marked reactive leucocytosis may 
recover both from kala-a/ar as well as cancrum oris. Other complications 
that intluence* the pro,i;nusis are pneumonia, ne[)hritis, cirrhosis of the liver, 
caidiac dilatation, and ^^eneral anasarca. If the patient recovers from an 
attack of pneumonia complicatin,<4 the disease, then he may also recover from 
kala-a/.ar, especially if a well-marked leucocytosis develops duriui^ the attack 
of pneumonia. 

'riicre are rare cases that are rc'sistant to antimony treatment, and their 
ju'o^nosis is bad. 

In infantile kala-a/ar, 14 to 24 per cent, of the cases have been recorded 
by dilTcrcnt obsuveis as undere;oin]Lj spontaneous cure. Here, too, com- 
plications inlhuMice the pio^nosis. 

Jemma has obsi*rved that the chronic type of the disease, laslinj^ from two 
to three years, mav end in complete recovery. Xoma, dysentcrv, obstinate 
diarrluva, hiemorrha'^ic tendency, and (edema of the ij;lotlis are the most 
daiyijerous complications. The more marked the leiicopenia, and the smaller 
the number of polymor[d)onuclears, the worse is the profjnosis. 

In ihe Sudan the percenta^^e of spontaneous recoveries is very small. It 
li.is been noted that a reappearance or increase of the eosinophils in the 
blood is a favour.dde siijn. Increase of eosinophils occurs in cases of kala- 
a/ar of adults that are imiu-oviiii^^ under antimoni.d treatment. 

Since llic inh eduction of the iinliinonidi frciiinicni of flic iliscnsc no tasc 
should he rci^nrdcil ns liofcIcsSy unless llicrc is n fnldl coniflicnlion. 



CHAPTER XII. 


DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS. 

1. DIAGNOSIS. 

In areas \vhcM*e kala-azar of adults is eiulcinic, any doubt arisin,^ as to tlic 
correct diagnosis of the condition can be settled if the following syniptoins 
are present : — 

A double rise of temperature peisistin^ for a Ion, 14 time; pro;.iressive, rapid 
and marked enlarijement of the spleen ; increasini^ emaciation and loss of 
wci^Oit ; pro,^ressive amemia and progressive leiicopenia ; early (edema and 
luxinorrha^ljes ; a peculiar, somewhat shiny appearance of the skin ; and the 
failure of cpiinine in checkin^i; the fever. 

If the ratio of the white to the red eoianiseles in the blood is less than 
r to 1,500, then the disease is very likely to be kala-azar. Unfortunately this 
relative leiicopenia is not always present, 'rhe ,i^lobulin t(*sls are of dia^^nostic 
value when positive. Hrahmachari considers that the globulin opacity test is 
of i^reat value. The formaldehyde test may be ne^^ative in early cases of 
undoubted kala-azar, while it may be positive in cases tliat are not kala-azar. 
Chopra's recent urea stibaminc may a]s(_) be tried. J )i Cristina and Caronia’s 
anaphylactic test described below do(?s not appear to have been tried in kala- 
azar of adults. 

“ \\'a.e;ener (1923) has shown that the injection of alkaline extracts of 
I.cisJininuia from cultures into the skin of rabbits previously rendered sensitive 
by injections of cultural forms of lA’is/midiiid produces a local reaction in the 
form of an erythematous papule, which reaches its hei.J4ht in forty-ei^ht hours, 
and persists from three to live days. 'Phe antigen can be prepared from both 
LcishiiKtiiid tropic a and Lcisliiiidiiid (loiioraiii, as it is not specitic for either 
parasite. If these results <ire confirmed, the reaction may be of use for 
diagnostic purposes" (Wenyon's PROTOZOOLOGY). 

Infantile kala-azar presents a simil.ir clinical picture. The dilTerences 
which occur are dependent on the age of the patient. The temperature is 
more irregular, and the characteristic leiicopenia of kala-azar in adults may 
be absent. The enlargement of the spleen and the liver, with distended 
superficial veins in fairly advanced cases, the irregular fever, pallor and 
anaemia, occurring in a child in an endemic area, make the diagnosis easier. 
Milo has used the globulin precipitation test and has invariably obtained 
positive results. The other biochemical tests, e.g., the globulin opacity and 
the formaldehyde tests, should be tried. Di Cristina and Caronia have 
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described a method of diagnosing infantile kala-azar by what tliey call the 
anaphylactic test. It is described as follows : — 

2-3 c.c. of serum from a patient is mixed with 2 c.c. of culture of 
Lcislinutniii on X X X medium. The mixture is kept at 37 ' C. for one 
hour, and tlien on ice for twenty-four hours. It is injected intravenously into 
a guinea-pig which has been immunized against culture of Lci^hiuauia by 
lepeated subcutaiieous injections. Reaction as shown by tremor, dyspneva, 
paralysis of tlie sphii^cters, and even death, may be observed in cases of kala- 
azar, while with the serum of healthy children no such reaction is shown. 

'J'he piesence of Leishman- Donovan bodies in the spleen, the liver, the 
bone-marrow, or in the peripheral blood, clinches the diagnosis of the 
ilisease. Careful examination of the blood-smeais from the peripheral blood, 
especially at tlie margins of tlic smears where the leucocytes collect in 
largest numbers, may show the presence of Liislnmiiiin, It may be advan- 
tageous to constrict the linger by a ligature for some time before the blood 
is taken from it. Cnfortun.itely the method is tedious, because often 
only very few parasites are present in the peripheral blood, and they may 
easily be ovei looked. As the* parasites are present inside the large mono- 
nuclear oi' polymor[)honuclear leucocytes, these cells should be carefully 
examined. 'Fhe blood may be citrated with /\ per cent, solution of sodium 
citrate and centrifuged. 'Fhe deposit in the* upper layer of the sediment, 
which consists mo'-tly of leucocytes, 'may be examined for the presence of 
Lcislnnaniit. 

Knowles and Gupta, using the following method, were able to show 
the presenee ol parasites in the periplieral blood in ()'] per cent, of the cases 
they investigated, h'our large drops of blood are placed oc.e in each corner 
of a half-inch scpiare on a glass slide*, and by means of a needle or glass 
rod thc*y .ire spiead thickly and evenly. The slide is then (hied at room 
temperature foi two hours, or in an incubator at 37 C. for one hour. The 
iui'inoglobin is removed from the smear by using a mixture cd* four j>ai ts of 
2J, per cent, solution of acetic acid in distilled water, and one part of a 
2 per cent, solution of crystalline tartaric acid in distilled water. The smear 
is then lixed with methyl .ilcohol and, after thorough washing with distilled 
water, is stained. 'Phe Li'ishnidnin are found inside tin* large hyaline 
mononucle.ir or polymorphonuclear leucocytes. For other methods of 
preixiring thick films ^ee Appendix and Addendum. 

In the author’s experience, the smears m.ide after puncture or excision of 
the Ivmphatic glands, as suggested by Cochran, have given negative results. 
It has also bc*en suggested that the contents of artificial pustules of the skin 
made by in itation and the leucocytes present in them, and scrapings from 
ulcers, should be examined, 'file results have been unsatisfactorv in the 
author's hands. Hone puncture may give more s.atisfactory results, but it 
is not always easy and is rather painful, and a procedure not devoid of 
danger. The head of the tibia, the lowe: end of the femur, a rib or the 
sternum may be perforated and the marrow removed and examined for 
Li'hJuiuiitiiK 'rile removal of the bone-m.irrow may be facilitated by the 
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use of a trochar and cannula aided by an aspirator. Liver puncture has been 
advocated and is considered to be less dangerous than spleen puncture. But 
the results arc not always positive, even in cases of kala-azar. 

The surest method of tinding the J.ci'>hiiiauia in the smears of tissues is 
by spleen punedure. 

A small all-glass hyp{)dermic syringe of i or 2 c.c. capacity with a fine 
hypodermic needle is used to enable one to draw enough of the spleen pulp 
to show the presence of parasites. It is advisable to give the patient 
10 to 15 grains of calcium chloride half an hour before and alter the 
operation. The needle must be perfectly aseptic and dry, and the operation 
gently performed. The needle and the syringe, alter being sterilized in oil or 
boiling water, are dried with absolute alcohol which is afterwards blown out 
as much as possible with the aid of th.‘ piston, the last traces being allowed 
to evaporate. If there is any trace of water in the needle, then the parasites 
will burst and be distorted and tliereby rendered unrecognizable, and the 
presence of alcohol may ccKigulate the blocxl and thereby block the needle. 
The patient sIkuiUI not speak or breathe alter the needle has pierced the 
skin and has penetrated the spleen. The patient should lie on his back, 
and the needle should be inserted more or less perpendicularly. The insertion 
is made at a point where the spleen seems to be in greatest contact with the 
abdominal wall. It is always desirable to fix the skin of the spot to be 
punctured with two fingers of one hand. If much blood is drawn by the 
syringe, it is advisable to exert digital pressure on the punctured spot for 
one-half to two hours, and to keep the patient absolutely quiet. 

Opinions differ as to the danger of spleen puncture. However simple (he 
operation, and however slight the danger may be, it certainly docs exist. In 
the early stages, when the spleen is soft and vei y vascular and the capsule is 
thin, the danger of hicimurhage is great. On the other hand, in the later 
stages ol the disease the spleen is more friable, and a puncture may make a 
rent which may not close after removal of the needle. Ik'sides, in this stage 
the coagulability of the blood is sometimes very markedly diminished, and 
this may increase the tendency to luemorrhage. If, however, the precautions 
described are followed and one uses a fine needle and does not attempt to 
draw large quantities of blood, then the dangers of the operation can be reduced 
to a minimum. In cases where there is a Ihemorrhagic tendency and the 
coagulability of the blood is diminished, the operatiem should not be per- 
formed. The latter condition can be recognized when the coagulation time 
for the peripheral blood of the patient is longer than live minutes. Other 
contra-indications are the presence of severe aiuemia, the red blood-corpuscles 
being less than two millions per cubic millimetre, severe cough, diarriuea, 
nausea, vomiting, presence of much ascites, or any condition in which there 
is much movement of the diaphragm. The possibility of the case being 
leukaemia or typhoid fever should also be borne in mind. In any case the 
operation should not be performed unless it is absolutely necessary. 

The absence of lA'ishmnnia from spleen puncture does not absolutely 
exclude kala-azar. Christophers thinks tliat in certain stages of the disease 
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they are much reduced in number, and may be absent from certain portions 
of the spleen. It may liappen that microscopic examination of spleen 
puncture material does not reveal any fAi'sliinanidf but a culture prepared 
from spleen tissue will sliow their presence. 

The cullure of the parasites from the peripheral blood should always be 
undertaken in suspected cases, if there are facilities for doii\i^ so. This method 
was successfully carried out by Xovy, Mayer and Werner, Wenyon, Cornwall 
and others. Row has elaborated an “intensive method" of cultivating the 
parasites. A few drops of blood from the linger are introduced directly into 
15 to 20 c.c. of ciliated saline solution before any clotting has taken place. 
This diluted blood is then centrifugalized and the sediment of corpuscles 
planted directly into a suitable medium, e.g., X X X medium. In this way a 
growth of flagellates may be obtained in about six days. The following 
modification of his method gives very good results : — 

About a c|ii'fU'ter of a cubic centimetre of blood from a vein at the bend of 
the elbow is put into 20 c.c. of citrated salt solution (physiological saline 
containing 1*5 per cent, sodium citrate); the mixture is shaken gently and 
allowed to stand over-night in the cool incubator. As soon as the cor[mscles 
have settled to the bottom of the tube, the supernatant fluid is poured off, and 
the corpuscles are pipetted off with a capillary [pipette and transferred into 
the water of condensation at the bottom of X X X lubes, which are then 
incubated at 22 C. In the case of splenic blood, the syringe is tilled with a 
few drops of the citrate solution mentioned .ib(;ve and the spleen punctured. 
'File blood drawn is then mixed with the citrated saline inside the syringe, 
transferred to the X X X medium and incubated in the s.ime way as the 
peripheral blood. I^lood fi'om a linger may be taken for culture instead of 
the blood from a vein. 

X.B. -'To ensure a successful result, strict aseptic precautions are necessary, 
as slight bacterial contamination kills the Lrisliinniiia, though they have been 
found to grow luxuriantly with fungi. 


II. DIKFKK’KNTI.AL Dl.ACNOSIS. 

In the early stages, kal.i-azar may be mistaken for imihiria, lyplioid or 
s, or lunilhis coli infection. Cases that begin with rigor and 
fever of an intermittent nature are likely to be mistaken for acute malaria. On 
the other hand, malignant tertian fever, in which the fever may be irregular 
and sometimes assumes a remittent type and may not be associated with 
rigor, is likely to be mistaken for kala-azar. 

In such cases the blood should be examined lor malarial parasites and 
pigment-bearing leucocytes, and the effect of quinine must be tried. If the 
fever resists quinine administered orally for a week, in doses of 0*65 to i*o grm. 
(10 tt) 15 gr.) per day, and has also resisted intr.imuscular and intravenous 
injections of quinine in 0*05 grm. (10 gr.) doses for a week, then it may be 
concluded that the infection is not malarial, and other diseases, among which 
one may include kala-azar, in an endemic area, should be suspected. 
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It must not be forgotten that in some rare cases there may be a double 
rise of temperature and marked leucopenia in malaria. Marked periodicity 
of the paroxysms of fever, and heavy perspiration towards the end, are more 
common in malaria than in kala-a/ar. Bleeding from the gums and epislaxis 
are more common in early cases of kala-azar than in malaria. A voracious 
appetite is a symptom in favour of kala-azar. 

Cienerally spe^iking, in the early stages the anmmia is greater in malaria 
than in adult kala-a/ar, while on the other hand, marked leucopenia occurs 
more frequently in kala-azar. The characteristic rel; bve leucopenia of the 
disease, il present, is very helpful in diagnosis. On the other hand, the 
blood-picture may be somewhat as follows: Hiemoglobin, 55 per cent.; 
red blood-corpuscles, 3,200,000 ; white blood-corpuscles, 5,000. Such a 
blood-pictui e may ht very well with a case of early kala-azar just as mucli 
as it may lit with malaria. 'I'he globulin tests should help in the diagnosis. 
The smears from spleen puncture material should be examined for Leishman- 
Donovan bodies, a peripheral blood-culture and spleen blood-culture should 
be made for llagellates, if there are facilities. 

Careful examination of the temperature chart should be made. A marked 
double rise of temperature continued for days, with tachycardia, which is 
persistent during periods of apyrexia, points to kala-azar. Early ledema 
associated with slight enlargement of the spleen, in the absence of nephritis 
and aiKcinia, is more frequent in kala-azar than in malaria. 

Early and acute cases may be mistaken for l\fhoi(//nYr, The characteristic 
step-ladder-like temperature may be absent in a case of typhoid, just as the 
double rise of temperature may be absent in a case of kala-azar. Double 
rises of temperature may rarely be present in cases of typhoid, especially in 
children. 

Generally speaking, there is no great disturbance of the nervous system in 
kala-azar. Leucopenia and relative increase of lymphocytes may be present 
in botli the diseases. A positive Widal rc:iction in dilutions of 1 in 100 goes 
much in favour of typhoid. It must, however, be remembered that the blood 
in the early typhoidal stage of Indian kala-azar may give a partial or rarely 
a completely positive Widal reaction, probably due to a double infection. 
In the case of infantile kala-azar, Cannata never found the reaction positive. 
On the other hand, a positive Widal reaction may be absent, though rarely in 
undoubted cases of typhoid. 'I'he enlargement of the spleen is more marked 
in kala azar. In doubtful cases blood-cultures help to conlirm a diagnosis. 

P(tratyl>lioiil fevers are frecpiently mistaken foi- kala-azar. Severe consti- 
tutional symptoms are likely to beabsent in both these diseases, and the spleen 
may be considerably enlarged in them. Shivering may be present in 
early stages of both the diseases. 

Although paratyphoid fever generally lasts for a fortnight, it sometimes 
lasts for two or three iiKmths, or even longer, and may be thus mistaken 
for kala-azar. Positive Widal reaction for paratyphoid (A or B) goes in favour 
of paratyphoid fever. 

Another disease for whicli kala-azar is likely to be mistakeii in its early 
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stage is Bacillits coli iiifaiioii. The irregularity of the temperature curve, and 
tlie occurrence of rigors with high rises of temperature, sometimes more 
tlian once during twenty-four hours, may take place in both diseases. The 
difticulty in diagnosis is specially likely to happen during pregnancy or in 
the puerperal state, in which the characteristic relative leucopenia of kala- 
a/ar may be absent. 'J'he presence of marked leiicocytosis goes in favour of 
/u/r-'V/z/.s (W/ infection. In doubtful cases the spleen should be punctured or 
a blood-culture made for hagellates, in order to confirm the diagnosis. 

Aciilc tuberculosis mav be associated with leucopenia, enlargement of the 
spleen, and remittent type of fever, and there may be no physical signs of 
tuberculosis in the lungs. In acute tuberculosis, dyspnoea, cyanosis and 
choroidal tubercles are likely to be present. Generally speaking, symptoms 
of tuberculous meningitis show themselves, and cerebral symptoms are more 
marked in this disease than in kala-azar. 

In chronic cases of kala-azar, low intermittent fever may lead one to 
suspect rJirouic tuberculosis, especially in a patient who is markedly wasted, 
and has been suffering from obstinate diarrhcea or dysentery. In addition 
the bronchitic symptoms, which are often present in the later stage of 
kala-azar, may suggest chronic tuberculosis, or k;da-azar complicated by 
tuberculosis. Tuberculosis in which the spleen is enlarged may be mistaken 
for kala-azar. 

'ruberculous infection should be suspected in a case of kala azar, if during 
antimony treatment the fever changes to a hectic type and there is no 
improvement in the patient’s general condition, in spite of disappearance of 
leucopenia and appearance of leiicocytosis and subsidence of splenic and 
hepatic enlargements. In such cases a careful examination for a tubercular 
focus in the lungs or elsewhere should be made. 

In chronic cases the temperature curve of Malta fever may resemble that 
of kala-azar, so that there may be diriiculty in the diagnosis in localities where 
both diseases occur. Cjcnerally speaking, the spleen in Malta fever is not 
so much enlarged as in kala-azar, and the liver is hardly enlarged in it. 
Constipation and heavy sweats are fairly constant symptoms in Malta fever, 
while luemorrhages, (edema, pigmentation of the skin and leucopenia are 
absent in this disease. There may be slight leiicocytosis. The serum test will 
be of great help in diagnosis, and the intimate relationship of the disease with 
the use of infected goat’s milk may be of help in establishing the diagnosis. 
Ainemia is more marked in kala-azar. Malta fever runs a much milder course 
than kala-azar. 

Tryfaiiosoiuiasis and kala-azar may be difticull to differentiate in those 
i.ue places where the two diseases occur. Irregular fever with periods of 
a[nae.\ia, the presence of ivdema and enlargement of the spleen, amemia and 
increase ol mononuclear leucocytes, are common in both diseases. Poly- 
adenitis and the presence of trypanosomes in the puncture material from the 
enlarged lymphatic glands, or in the cerebro-spinal fluid, or in the peripheral 
blood, confirm the diagnosis, it must, however, be noted that enlargement 
of the lymphatic glands in kala-azar, though not common in India, has also 
been observed in other affected areas. 
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In later staj^es kala-azar may be mistaken for chronic malar in, tuberculosis, 
uiullilohiilar cirrhosis of the liver, Malta fever, Bantfs (iise({se, and generally 
diseases that are associated ivith loio fever, amvniia xvithont lencoeytosis and 
chronic sflenoniei^aly. In malarial cachexia, as in kala-azar, the temperature 
may not be higher than 37*5'' C. (99*5'^ F.) tor many days. In most cases, 
however, tlie characteristic temperature curve can be made out, as w(*ll as the 
presence ot malarial parasites in the blood and the chanicteristic action of 
t|uinine. It may be stated that an enlarged spleen which is soft, even after an 
illness of many montlis’ duration, and whicn has b^^come enlarged rather 
quickly, and lias been steadily enlarging during apyrexial pei iods, or without 
any febrile exacerbations, is an indication of kala-azar rather than malaria. 
Although the spleen may become Iiard in chronic cases of kala-a/ar, yet 
some of the hardest and biggest spleens are found in malaria. If the spleen 
rt;aches up to the navel, during a cou.se of illness of not more than two or 
three months, the diagnosis is more in favour of kala-a/.ir than malaria. 

The borderland cases between kala>a/ar and malai ia present the greatest 
difticulty in diagnosis. Not infrequently one may meet with cases with the 
following blood picture : Red blood-cells, 2,500,000 ; white blood-cells, 3,000 ; 
hicmoglobin, 30 per cent. Such a blood-picture may be present in both malaria 
and kala-azar. In such cases marked diminution in the number of the poly- 
morphonuclear leucocytes is an indication of kala-azar. In these cases a 
spleen puncture should be made after administration of calcium chloride, 
and a culture should be made from the splenic juice and peripheral blood 
on N N N medium for flagellates, if there are facilities. The globulin tests 
should be made. Hleeding from the skin and mucous membranes, and 
disturbances t.)f the alimentary canal are more common in kala-azar than 
in malaria, especially in the case of children. 

Archibald has observed that intestinal schistosomiasis caused hy Schistosoma 
mansoni may produce fevei* associated with splenomegaly. In such cases (me 
should look for lencoeytosis and examine the stools for the presence of the 
characteristic ov’a. 

Ankylosloniiasis may be associated with fever and sometimes, according to 
certain obse’;vcrs, enlargement of the spleen without lencoeytosis. The 
presence of eosinophil ia, the l)lotting-paper tongue, tlie presence of worms 
and their ova in the stools, should make the diagnosis easy. This disease may 
be a complicating factor in kala-azar, and in cases where there is extreme 
aiKcmia, its presence sliould be suspected. 

Histoplasmosis, a rare disease described by Darling, closely resembles kala- 
azar of adults in its symptoms, which include irregular fever, enkirgement of 
the sjdeen and liver, severe aiuemia and leucopenia. Tlie causative organism, 
which was considered by Darling to be a [irotozoon, has been shown by 
Rocha-Lima to be a yeast-like body belonging to the cryptococci. 

Toxoplasmosis, another rare discrase first described by Castellani, may 
resemble kala-azar in its symptoms. 'I'lie disease was supposed by Castellani 
to be due to a par.isite described as Toxoplasma pyroxenes. Wenyon holds 
that no such parasite exists. Probably the cases described by Castellani were 
c.ises of kala-azar. 
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Mali^inini ilisL’dsrs of t/ie abdomen may be associated with chronic 
irregular fevei’, and if iu)t caiefully examined may be mistaken for kala-azar. 

The possibility of llic occurrence of I^an/fs disease in the endemic areas 
of kala-azar sliould be Iconic in mind. There is a record of a museum 
specimen of a spleen removed for Banti's disease, in wliicli abundant kala- 
azar parasites were subsequently found. The common symptoms oi tlie 
two diseases are gradually increasing enlargement of the spleen, amemia, 
leucopenia (average leucocyte count 3,500) with luemorrhages, a tendency 
towards development of ascites, a progressive cachexia and a gi adual down-hill 
course. In Banli's disease, howev'cr, one observes absence of the characteristic 
double rise of temperature. 'Fhe liistory of frequent iKcniatemesis, the 
extraordinary chronic course of the disease lasting for tin or twelve years 
with an enlargement of the spleen, which may not cause any discomfort, the 
development of jaundice with ascites in the late stage of the disease, and the 
absence (>f Leishman-I )onovan bodies in the spleen help in its diagnosis. It 
is very important that a careful dilferential diagnosis be made in suspected 
cases in (Muleinic areas of kala-azar, as early removal of the spleen in Banti's 
disease may lead to complete recovery. 

Periiieions aiianiia may sometimes be associated with leucopenia .ind 
enlargement of the spleen, but the high colour index, the large number of 
nucleated red corpuscles, and the clinica.l course should enable one to 
distinguish the disease from kala-azar. 

/fodi>ldirs disease may be confusc-d with kala-azar. Some of its symptoms 
are, low pyrexia with enlargement of the spleen, severe anannia i)f the chlorotic 
type in late stages, some relative increase of the lymphocytes with propoi- 
tionate diminution of the polymorphonuclear leiicocvtes. Sometimes there 
may be recurring attacks of pyrexia, and there is enlargement of the abdominal 
glands onlv. In such cases the disease may be possibly mistaken for kala-azar. 
(jcnerally speaking, only a moderate enlargement of the spleen with marked 
enlargement of the lymphatic glands is a characteristic feature of the disease. 
Presence of Leis/iinaiiia should establish the diagnosis. 

MiillHohular cirrhosis of /he liver may be mistaken for kala-az.ir cirrhosis. 
In both there is ascites, hardening of the liver, and there may be leucopenia. 
(ienerally speaking, there is no history of fever in multilobular cirrhosis. 
'Idle enlargement of the spleen is much greatc'r in kala-azar. In doubtful 
cases spleen puncture should be performed with very great care. 

Snhacn/e iileerative endocarditis with fever and enlargement of the spleen 
is diagnosed fi*om kala-azar by the presence of cardiac signs and symptoms, 
and absence of leuco[ienia. Leucocytosis and optic neuritis, if present, are 
much against a diagnosis of kala-azar. Cases in which there is absence of 
cardiac symptoms and signs may present difhculty in diagnosis. In all 
suspected cases a blood-culture should be made for infecting micro-organisms 
of ulcer.itive endocarditis on the one hand and for tlagellates on the other. 
Positive results will help in the diagnosis. Neg.itive results are not so 
diagnostic, especially in the case of ulcerative endocarditis. 

I.en/annias are easily differentiated from kala-azar by the presence of high 
leucocytosis. 
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TABLE I. -Kala-azar and Maiaria. 


Kala • azar in Characteristic I 


early stages 


tlouble rise of | 
temperature.gen- 1 
erally remittent, j 
sometimes inter- 
mittent with sin- 
gle or double 
intermission dur- 
ing 24 hours. 
Long - continued 
double rises dur- 
ing 24 hours 
are suggestive of 
kaha-azar. Ri- 
gors not so 
common 


Acute malarial 
fever 


(») 

lUood examiii.it ion 


L.-D. bodies, if 
found in the 
peripheral blood, 
diagnostic. A 
progressive leu- 
copenia more 
marked than in 
malaria. Ratio 
of W.B.C. to 
R.B.C. may be 
I to 1,500, or 
less. Culture 
of peripheral 
blood on NNN 
medium shows | 
leishmania. P 1 
lative increa e ' 
of lymphocytes ' 
or rarely large 
mononuclears I 


Rapid marked 
enlargeme n t 
of the spleen 


Frequently en- 
larged 


(5) . 

Spleen and hv 
punctuie 


L.-L). bodies fre- 
quently found 
in the smear 
from spleen 
purclure, may 
be found in 
the smear from 
liver puncture 


Characteristic < 
curve of one or 
other varieties of 
malarial fever. 

In double tertian 
or malignant ter- 
tian infection, 
fever may be 
quotidian. In 
multiple or malig- 
nant tertian in- 
fection, it may 
be remittent. In 
the case of the 
latter, double 
rises of tempera- 
ture, if present, 
are not long 
continued. The 
tendency to su<l- 
dcn high rises 
of temperature is 
specially to be ex- 
pected in malaria. 
Rigors more 


forms of mala- 
rial parasites 
present, if blood 
is examim <1 be- 
fore (|uinine has 
been adminis- 
tered or after 
quinine has 
been stopped. 
Ratio of W.B.C. 
to R.B.C. more 
than I to I ,cxx>. 
Rarely, it may 
be less. Pig- 
mented leuco- 
cytes present 


other .Spleen 


quickly en- 
larged than 
in kala-azar 


Nut much en- 
larged early 
in the disease, 
though hepa- 
tic tenderness 
is not infre- 
quent 


Malarial para- 
sites present in 
the smears 



1 common 


1 

1 

1 

1 



(6) : 
Jaundice ' 

(7) 

Ajjpetite 

(8) 

1 Karly fcilema 

(9) 

<Juiniiie test 

(iv.) 

(dubulin test 

(jO 

Alttehyde test 

Kala-azar in 
early stages 

Rare 

1 

Good in 
many cases 

May .some- 
times be 
present 

No effect 

1 

i 

Frequently | 
1 positive i 

! 

May be 
positive 

Acute mala- 
rial fever I 

j 

1 

.Slight icte- , 
roid tint is i 
not uncom- 
mon j 

Generally 

bad 

1 Not pre.sent 

Quinine stops the 
fever generally 
j after oral ad- 
ministration. 

! Rarely quinine 

Almost 
always 
negative I 

Almost 

always 

negative 


given intramus- 
cularly or intra- 
venously before 
fever stops 
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in addition to many of llu* diseases mentioned above, infantile kala-azar has 
to be differentiated from diseases of children associated with enlargement of the 
spleen. One of these is iiiJdiitHc cirrhosis of the liver. Its features arc enlari^e- 
ment of the spleen and liver, irregular rises of temperature, especially in the 
early morning, early appearance of ascites and marked jaundice, leucocytosis 
and absence of Lcislwuiiiia in the spleen. On the other hand, a case in a 
child with slight ascites and enlarged spleen and liver, with a history of pro- 
longed fever without much change in the leucocyte count, may be mistaken 
either for kala-azar or infantile cirrhosis of the liver. 



TABLE 

11. Kala-azak . 

AND Typhoid 

Eevkk. 


1 

(«) 

U) 

(.0 

: Cl) 

(s) 


I’Kver 

niooci fXiiiiiitiatioii 

spleen 

i Liver 

Uui«s 

Kala • azar in 
early stages 

See Table I. 

See Table I. 
Widal reaction 
negative 

See Table I. 

1 See Table I. 

Bronchitis gene- 
rally absent 


Typhoid fever Step - ladder - like Widal reaction Knlaiged hut Only sli|;ht en- Bronchitis fre- 
rise of tempera-' positiveafter lo notsorapidly lar^ement rjiiently pre- 
lure and a char- days’ illness. marked cn- may he prt- sent. Also 

acteristic course. Leucopenia not largemcnt sent broncho-pneu- 

Kogers lays ' so marked, ex- moiiia may be 

stress upon high cept in some present 

continued fever cases towards 

specially in the late convales- 

second week. I le cence. Blood- , 

regards this as ' culture m a y i 

diagnostic of this show typhoid 

disease. Rigors ; bacillus even 

not common j after 2 or 3 1 

days’ illness 


(<.) 

(7) 1 

(8) 

C>) 1 (ic) 

(m) 


CJ<ni!tlilnii<*nal | 


1 

AliJeliyde test 

I'.ai ly trdrnui 

:uui i 

.\li*loii>iMal syl^ptuIll^ 

^ 1 I’ulse j 

and 

i 

syinptv)ins 


1 i 

J globulin test 

Kala-a/ar in 

See Table I. 

(lenerally not 

( * e n e r a 1 1 y not 

Absent Frctiueiitly 

1 .See Table I. 

e.iily stages 


j)resent in 1 

marked in the or- 

i|uick frv)m 




the ordin- 

dinary type of the 

the very 




ary type of 

disease. ILemo- 

beginning i 




the disease ; 

irhage from the 

andmayl>c ; 




j 

bowels rarely pre- 

out of pro- 





sent. Tongue 

jKirtion to 





generally clean 

( the temper- 






ature 1 

1 


'I'yphoid fevei ^ 

Nt.t present 

ticnerally pre 

Fairly marked in 

1 

Frequently > .Slow in corn- 

Almo.st 

unless com- 

1 sent in the i 

the or dinary cases. 

present 1 parisonwitli 

always 

plicated by 

ordinary 

Ilirnmrrhage horn 

the temper- 

negative 

nephritis 

moderately ; 

the bowels more 

ature, fre- 1 



1 severe cast s 

common. Tongue 

quently tli- j 




dry and cracked 

erotic. At- 




in severe ca.ses. 

ropine test 




Sometimes coated 

(M arris) 




or furred in the 

positive. 




centre with red tip 

i specially in 




ami edges 

the second 



1 


week 
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TABLE III. — Kala-azar and Paratyphoid Fryer. 



Kever 

1 Hlood e.xainin.ation 1 

Spleen 

Karly cedeina 

i 

Pulse 

Aldehyde test 
ami 

glohulin test 

Kala-azar in 
early stages 

See Table I. 

1 

See Table I. 

Widal reaction 
for paratyphoid 
bacillus (A or B) 
negative 

’ 

See Table I. 

See Table I . 

Sec Table 11. 

! See Table I. 

I’aratyphoid 

fever 

Course of 
the fever 
generally a 
fortnight 

Widal reaction 
for paratyphoid 
bacillus (A or B) 
positive after 
the fever has . 
lasted for 10 days 1 
or more. No j 
marked leuco- j 
penia. Blood- j 

Enlarged but 
not .so rapid 
enlargement 

i 

1 i 

1 

Not present 

j 

May 1)6 .slow 
in compari- 
son with the 
temperature. 
Atropine test 
(Mart is) posi- 
tive, .specially 
in the second 
week 

Almost 

always 

negative 


culture may | 
show thej»rowth ' 
of paratyphoid | 
bacillus (Aor B) 


Nickels in cliilclrc-n may sometimes be associated with much enlaif'ement 
of the spleen and the liver and, in the absence of definite signs of the disease, 
might be mistaken for kala-azar. Generally speaking, the characteristic 
changes of the bones in the di.sease, leiicocytosis, and absence of disproportion 
between the polymorphonuclears and lymphocytes, are of diagnostic value. 

Spiciioiiit'gilic cirrhosis oj the li'ccr occurs in children or young people. 
It is characterized by marked enlargement of the spleen, slight enlargement 
of the liver, an.emia without leiicocytosis, hicmatemesis, jaundice, clubbing 
of the lingers, and stunted growth. A careful study of the symptoms will 
help in differentiation of the two diseases. 

Infantile splcnoincgily without i.eisinnania, as observed by Nicolle and 
others, occurs in Mediterranean countries and in the Sud.ui. It is characterized 
by pyre.xia and enlargement of the spleen and the liver, and the absence 
of parasites. 

Hanoi’s cirrhosis (also called hypertrophic biliary cirrhosis) may be 
mistaken for kala-azar. It occurs frec|uently in children and lasts foi seveial 
years. It is characterized by (ailargement of the spleen and the liver, sudden 
rises in temperature, attacks of pain in the hepatic region, stunted growth, 
clubbing of the lingers, the late appearance of ascites and a tendency to 
luemorrhage. The history of marked jaundice for years, without any marked 
illness, and presence of leiicocytosis and absence of Lcishmania, are indications 
that the disease is not leishmaniasis. 

Coiiflcnilal syphilis may be associated with enlargement of the spleen. 
The absence of Leishntania, the family hi.story, the consideration of other 
symptoms and the Wassermann reaction, will dilferentiate the disease from 
leishmaniasis. 



94 


Kala-Azav 


Infantile psenilolenkivniia (von Jaksch’s disease) may A^cnt difficulty in 
diagnosis in an endemic area of kala-azar. It affects enudren under two 
years of age. Tlie symptoms are liiemon liage from the mucous membranes, 
periodic attacks of fever, enlargement of the spleen and the liver, and ascites. 
The blood-picture shows marked an<Tmia with low colour index, generally a 


TABLE IV. — Kala-azar and Gicnrkal Tuberculosis. 



(i) 

I'cvei 

U) 

exaiiiinatiuii 

/5) 

Spleen 

(4) 

Lungs 

(s) 

Constitutional 

symptoms 

Kala-azar in 
early stajjes 

See Table I. 

See Table I. 

See Table I . 

Bronchitis gener- 
ally absent 

See Tab’e 11 . 

Acute (general 

Irre^»ular fever. 

Tliere may be 

May be enlarged, 

There may be dif- 

Torpor and dull- 

tuberculosis 

Tliere may 
be an inverse 
type of tern- ( 
perature 

1 eucocy t osis, 
though leuco- 
penia is more 
common, rarely 
tubercle bacilli 
may be culti- 
vated from the 
blood 

but is neither so 
early n4)r so 
markedly en- , 
larged as in 

1 kala-azar. In 
children some- 
1 times mTy be 

1 much enlarged 

1 

fuse bronchitis. 
Respiration in- 
1 creased in fre- 
quency, specially 
in the early st?ge. 

• There may be 
signs of broncho- 
pneumonia. Cy- 
i anosis may be 

1 present . Sputum 
i may show tubercle 
bacilli 

ness gradually 
deepening 
into c o m a. 
There may 

be active de- 
lirium 



Di.tzo reacluui 
and 

tuherculiii Ivst 

(7) 

Lumbar puncture 

(a) 

'Lomjue 

(0) 

Jaundice 

(lo) j (ll) 

Aldehyde test 

Oplithalmoscopic i and 

fxaminalitin | globulin test 

Kala-azar in 
early stages 

Absent 

Negative 

! 

Generally 
not dry 

Rarely present 

i 

Nothing ! See Table I 

abnormal 

; 

Acute gene- 
ral tubci 
culosis 

May be 
positive 

1 There may he 
tubercle bacilli 

More com- 
monly dry 

j May he present 

1 

1 

Choroidal lu- ' Absent 
berclcs pre- j 
.sent ' 


I ABLE V. Kai.a-azar and Hadllus coli iNFKcriON. 


' F ever 

blood examination 

1 

Early (Cilema ^ 

Spleen and liwr 

I'rine 

Kala-.^zar in 1 Sec Table I. 
early stages 

! See Table 1. 

j 

May be present ! 

Generally en- 
larged 

Nothing peculiar 

/hici/Zuf co/i Irregular tempera- 
infection ture curve. Ere- ! 

quent severe ri- 
gors with rapid i 
high rise of tem- 
perature, some- 
times more than 
once in 24 hours. 
Sometimes the . 
temperature re- | 
lembles that of 
typhoid 

Well-marked 

leucocytosis 

Absent 

Not enlarged 

Acid, freijutntly 

opalescent. Motile 
rod-shaped bac- 
teria present in the 
urine. Culture 
shows pure growth 
of Biiiilhis ioli. 
May contain pus. 
Symptoms refer- 
able to the urinary 
system generally 
present in long- 
standing cases 



TABLE VI. -Kala-a/.ar and Chronic Malaria. 


Kala-azar in 
its chronic 
stai;e 


Chronic 

malaria 


Ivala-azar in 
its chronic 
stage 


Chronic 

malaria 


(l) 

F'ever 

(2) 

Blood examination 

<,> 

.‘Spleen 

May be low con- 

L.-D. bodies if 

Generally much! 

tinued or inter- 

found are diag- 

enlarged. A 

mittent rising 

nostic. A pro- 

m ode rately 

to 99 ° or ioo°. 

gressive leiicope- 

enlarged 

There may still 

nia. Leucocyte 

spleen with 

be tendency to- 

count frequently 

cedema which 

wards double 

about 2 , 500 , may 
be Soo. Ratio 

cannot be ac- 

rise. Rigors — 

counted for 

rare 

of W.B.C. to 

by any heart 


R.B.C. may be 

or kidney di- 


I to i,5oo,or even 

sease is sus- 


less. Culture of 

p i c i 0 u s of 


peripheral blood 
shows leishma 
nia. Increase o' 
lymphocytes 
more common 

kala-azar 

1 1 


Char act eristic | 
curve of one or ! 
other varieties ! 
of malarial fever. I 
In some cases 
I the temperature 
may be low for 1 
days not going ' 
above 99*5 t , 
There is, how- ' 
ever, a tendency 
towards sudden i 
, high rises of 1 
j temperature | 
I even in these i 
' cases from time * 
to time. In , 
some cases the ' 
fever may be of : 
an irregular type. I 
Rigors more 
common 


Oncor other forms I Spleen may be 
of malarial para- ; much enlarged 
sites present, j 
if blood is exam- | 
ined before qui- 
nine has been 
administered or 
after quinine has 
been stopped. 

Generally speak- 
ing, the ratio of 
W.B.C.to R.B.C. 
is greater than 
I to f ,ooo ; some- , 
times though it 
may be less. Leu- 
copenia generally 
not so marked as 
kala-azar. Pig- 
mented leuco- 
cytes present. 

Increase of large 
m o n o n u c 1 ears 
more common 


(4) 

Livt’r 


(5) 

Spleen anti liver 
puncluie 


Enlarged and 
sometimes much 
enlarged. Cirr- 
iKJsis of the 
liver with its 
attendant sym- 
ptoms may be 
p-esent in some 
cases. It is 
generally firm 
and haril. En- 
largement of 
the liver is more 
marked in kala- 
azar than in 
malaria 


Liver may he 
enlarged, but 
generally there 
is no cirrhosis 
of the liver in 
malaria 


L.-U. bodies fre- 
quently found 
on spleen 
puncture. 
They may also 
be found on 
liver puncture 


Malarial para- 
sites may be 
found 


( 6 ) 

Apiielile 


(7) 


Quinin*: Itsl 


' Good in many No effect 

cases ! 

I 


Generally marked 
loss of appetite 


Quinine generally 
stops fever after 
oral administra- 
tion for a suffi- 
cient length of 
time. Rarely, 
quinine may have 
to be given intra- 
muscularly or in- 
travenously be- 
fore fever stops 


(«) 

Skin and ijeneral 
app*-;tran(:f 


(9) 

Urine 


f 


(lO) 

Aldehyde test and 
Klnhiilin tests 


Peculiar, shining ; Slight albu- j h'rcquently 
stretched ap- minuria with I positive 

pearance of u r obilinuria j 

skin. Wasting is diagnostic 

! —marked (Knowles) 


Peculiar pale ycl- Albuminuria I Frequently 
low tinge in not common negative 

.skin. Wasting ' 
less marked, i 
Marked anamia 
without much , 
wasting is sug- ; 
gestive of ma- I 

laria i | 
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TABLE VII.— Kala-azar ani> Mama Fever. 



1 

p , ^ blood 

examinaliut) 

.Spleen and 
liver 

Joint symptoms 

•Serum test 

Culture from 
blood and 
urine 

Kala-azar in 
its chronic 
si age 

.See Table VI See Table VI 

j 

! 

i 

Sec Table VI 

Not present 

Serum does not 
agg 1 u tinate 
emulsion of 
A/. meliUnsis 
in prr)per di- 
lution 

No growth 
of AI. me- 
litensis 

Malta fever 

There arej There may 
waves of in- ! he s 1 i gh i 
ter m i s s i o n i 1 c u c o c y- 
and of more i tosis 
or less py- ' 
rexia of vari- 
able length 

1 

1 

May be en- 
larged but i 
gene rally 
not so 
much as in 
! kala-.nzar 

An acute or 
subacute ef- j 
fusion may 
take place 
suddenly into 
one or more 
joints, with- 
out any appa- 1 
rent reason 

1 

Serum agglu- 
tinates emul- 
sion of AL 
me li tin sis in 
proper «lilu- 
tion 

(irowth of 
Af. meli- 
t e n s i s 
from blood 
and mine 

TABLK VIII. -Inkan'iii.e Kai.a-azar and 

Infantii.k Bimary (Cirrhosis. 


Fever 

1 

blood 

j exiuiiiiiiition 

.Spleen and liver 

' 1 

j Spleen and 
: liver puncture 

Jaundici 

j Aldehyde test 
and globulin 

1 tests 

Kala-azar in iSecTable VI, 

1 .See Table V 1 

(lenerally spleen is 

r 

ISee Table VT 

Rare 

! Positive 


its chr»inic | I ! enlarged out of 

stage I ' proportion to en* 

largemcnl of liver. 
Liver not so hard 
and enlarged in 

the beginning as 

in infantile biliary 
cirrhosis 

Low fever Leucocytosis j Liver enlarged out 


Infantile 
biliary cir- 
rhosis 


gene rally 
rjsing to- 
wards early 
morning ' 


fre(iuently 

marked 


of proportion to 
enlargement of the 
spleen, which may 
not be enlarged in 
sonre cases. Liver 
enlarged, hard and 
irregular from the 
beginning and as- 
cites may be early ; 
it is frequently 
marked in ad. 
vanced cases 


Negative 


Very marked 
and earlv 


Negative 


leucocytosis, especidlly lyiiipliocytosis, nucleated red cells, meyalohlasts and 
cells containing intensely polychroniatophilic cytoplasm. 

S//7/’s (hsi'iisi' is a disease of cliildren, associated witli ,^eneral destructive 
affections t)f the joints, enlar^^ement of the spleen and lymphatic ojands, 
emaciation, aniemia, and a tendency to pigmentation. The disease in its 
developed sta,i^e is unmistakable, owinj^ to the condition of the joints. 

(nutclicrs type of splenomei^aly is a familial disease which starts early 
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in life and runs a chronic course. It is characterized by enlargement of the 
spleen followed by that of the liver, but there is no jaundice, ascites or 
discoloration of the skin. When anamiia and leucopenia are marked, it mav 
be mistaken for kala-azai‘. The more chronic course of the disease and the 
absence of I.cis/niiaiiid should confirm the diagnosis. 

Pscuiio-kdln-azarSy as delined by Castellani, are febrile or afebrile dise.ises 
which resemble kala-azar, in that they are associated with splenomegaly, 
anremia and often emaciation.’’ They are differentiated from kala-azar by 
absence of Lcishnidiiid. Rogers holds that malaria and kala-azar account for 
all the common cases of splenomegaly in liengal. The author has met with 
a large number of cases of splenomegaly without Lrislmidiiid or malarial 
parasites. The question arises as to whether some of these are sequeke of 
kala-azar in which Li islinumid have t'isappeared from the spleen or exist in 
some undiscoviMcd phase. The possible existence of another undiscovered 
causal micro-organism is also unprc'ven. 

Cases of ohsi itt c aiuvinid ici/li ailrntdy without enlargement of the spleen, 
in an endemic area, should have their blood properly examined, as such cases 
are sometimes due to kala-azar. 

The various causes of enlargement of the spleen are quoted below from 
French’s Index of DifJcirniidI Didifnosis : — 

** 1. Chronic enlargement of the spleen. 

(a) !>/ ;v Gredt Enlargenteni, — Spleno-mediillary leuk;emia, lymphatic 
leukicmia, mixed leukicmia, chronic malaria, kala-azar, s[)!enomegalic 
polycytha*mia, splenomegalic cirrhosis, splenic amemia, pseudo-leukiemia 
infantum, (kiucher’s disease, Still’s disease, familial acholuric jaundice, 
Egyptian splenomegaly. 

(h) Moderdte linldvgcniedt, — All conditions mentioned in group (a) will at 
some stage exhibit a spleen that has not yet become enormous ; and besides 
these, chronic and moderate enlargement of the spleen mav be exhibited 
in cases of pernicious anaemia, rickets, congenital syphilis, Hodgkin’s 
disease, cirrhosis of the liver, lardaceous disease, thrombosis of the portal 
vein, pressure on the portal vein by enlarged lymphatic glands or by 
adjacent tumour of the gall-bladder, liver, pancreas, stomach, &c. 

II. Acute enlargement of the spleen, the enlargement as a rule being slight. 

“ (d) Acute infective fevers. — Specially typhoid fever, paratyphoid fever, 
relapsing fever, typhus fever, malaria, Malta fever, erysipelas, septic.emia. 
Less often in pneumonia, diphtheria, scarlet fever, small-pox, rheumatic fever, 
influenza, general tuberculosis. 

(h) Embolism, specially in cases of fungating endocarditis. 

(c) Injury. 

“ (d) Strangulation by twisting of tlie pedicle.” 

To the above list of acute enlargements, kala-azar has to be included. 

It will be noted that no mention is made of abscess, gumma, or tumours 
of the spleen, as they are very rare, nor has mention been made of 
causes of backward pressure, such as chronic valvular heart diseases with 
failing compensation. The latter rarely produce splenic enlargement, except 
in children. 
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CHAPIER XIII. 

PATHOLOGY. 

SHOKTT li;is observed that in expci iinentally infected monkeys there some- 
times occurs an acute and fatal type of the disease. Generally the disease is 
chronic in these animals. 

'File liver is slightly enlarged and fatt}^ and parasites are present in the 
endothelium of the (inest capillaries, Idood sinuses, and also in the Kiipffer 
cells. 'Fhe spleen is considerably enlarged, the Malpighian corpuscles are 
prominent, there is hyperplasia of the endothelial cells, and their distension 
by the parasites may sometimes be so great as to appear to occlude the lumen 
of the sinuses. 

Parasites are also present in the spleen inside large macrophages, poly- 
morphonuclear and occasionally eosinophile leucocytes. The bone-marrow 
is dark in colour, because the yellow marrow is replaced by red marrow. 
'Fhe parasites are found in the same cells as in the spleen and liver. 
The bone-marrow contains the largest number of parasites. There is a 
pieponderance of giant cells in this tissue, in the testes, parasites were found 
hy Shortt in largest numbers in tlie interstitial cells of Leydig, but they were 
not found in the endothelium of large vessels. In the lungs and kidneys 
parasites have been found in the endothelial cells. 

In experimentally infected mice the spleen is always enlarged, and parasites 
are found in the spleen, liver, bone-marrow, and the testes. In experimentally 
infected dogs, the splenic enlargement is not so marked as in monkeys. The 
parasites have been found in tlie spleen, bone-marrow, liver, lungs, mesenteric 
glands and kidneys. 

Meleney has studied the changes present in artificially infected hamsters. 
In these a specific tissue reaction occurs in the form of endothelial pro- 
liferation, forming masses of “ clasmatocytes ” heavily parasitized. In definite 
patches of clasmatocyte tissue, the most striking thing is the slight degree to 
which the cells are parasitised. Most of them contain a few or moderate 
number of parasites, but some cells, particularly in the centres of the cell 
masses, contain none. At the periphery some may be crowded with parasites. 
Wherever fat appears, single clasmatocytes, heavily parasitized, are scattered 
through it. Fhe chief organs affected are the liver, spleen, lymph nodes and 
bone-marrow. He considers that in advanced infections the parasites also 
attack the parenchymatous cells of the liver and adrenal cortex, extensive 
degeneratiem of the liver occurs, and infected “ clasmatocytes " appear in 
practically every organ and tissue, the stroma of the intestin.il mucosa being 
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the site of massive accumulation of those cells. 'I'he most favourable sites 
for the localization of tlie parasitized clasmatocytes are the regions where 
loose areolar tissue is associated with ^ood vascularity. 

In one case Wenyon found flagellate forms in the spleen of a do^ infected 
with leishmania from a case of Indian kala-a/ar. There is no evidence that 
the leishmania exist in flagellate forms in the infected host, with this single 
exception. In another Ciise, Maitra found, in a film made from the peripheral 
blood of a case clinically diagnosed as one of kala-azar, flagellates of the 
leptonionas type. The slide containin^t^ the flai^eliates was subsequently 
shown to the author. As the fla^<fellates were found in only one of the lilms 



Ki(^. 22. -Fatty livcrl in kala-a/ar. (Ori^^inal.) 


made at one and the same time, the possibility of the lilm having been 
contaminated cannot be excluded. 

The process of infection in kala-azar probably takes place in the following 
way (Christophers) : The patho^^enic micr()-or;i»anisms are taken up by or 
invade the endothelial cells in the visceral or other capillaries, e.^., of granula- 
tion tissue. The endothelial cells (macrophages) increase in size and become 
more and more distended, due to the proliferation of the parasites within their 
cytoplasm, and subsequently become converted into mere bags filled with 
large numbers of the parasites. Kventually such cells rupture and the 
parasites are set free, to be taken up again by other endothelial cells, poly- 
morphonuclear or mononuclear leucocytes, and carried tej the peripheral 


lOO 


Kala-Azar 


circulation. It was Christophers who first showed that the disease appeared 
to he essentially an infection of the vascular endothelium and resembled 
chronic septicaemia. 1'he author holds that probably it is principally of the 
nature of an infection of the reticulo-endothelial system distributed in the 
different parts of the body, and especially of the spleen, liver and bone- 
marrow. The enlar^^ed parasite-laden cells found in tlicse oiT^ans in kala-azar 
mostly correspond to those of the reticulo-endothelial system which swell up 
and enlarge in size liy stimulus of the presence ()f dye-stuffs in tlie process of 
vital staining, 'fhe clasmatocytes probably belon;^ toH)ie reticulo-endothelial 
system. It may be stated tliat apart from what has been considered to be 
a specific tissue reaction in the form of appearance of the clasmatocyte tissue, 
one a^^rees with Shortt that Christophers’ original description, in T904, of the 
morbid histology of the disease in man has left little for succeedin<^ workers 
to describe or amend.” In this connection it may be noted Shortt considers 
that so close is the connection between the endothelium of capillaries, stroma 
cells, and macropha;4es, that one cannot help considering the probability that 
the ori^^inal stroma cells produce either of the other two types, ^fiven the 
appropriate stimulus. 

Shiu . — Christophers found the parasites in the endothelial lining of very 
fnu; cutaneous capillaries in the papular eruptions of the skin in advanced 
cases, about the thighs, Scarpa's triangle and the scrotum. He also found 
them in ulcers and in minute nodules of the skin. On section, the nodules 
showed si^iis of inflammation, widening of the vessels and sm.dl round-celled 
infiltration. Recently the author lias found a large numbe-r of Lcislimdiiid in 
the skin in cases of Dermal Leishmanoid, a disease which sometimes develops 
in cases of kala-azar which have been cured by antimony (see Dermal 
Leishmanoid). According to Laveran, no cutaneous ulceration with l.cisJnuaiiid 
has been found in infantile kala-azar. These may, however, occasionally be 
pn si-nt in ulcers of the skin in infantile kala-azar. d'hese cutaneous ulcers in 
infantile kala-.i/ar, in the first stage of their development, appear as a number 
of irritating jiapules. Later on they change into painless nodules, in the centre 
of which is a small opening whence a lliiid Hows. The fluid dries into a 
crust. A number of nodules sometimes form a group, from which first a 
blister and then an ulcer develops. This has smooth edges and a granular 
surface. On making a section the position of the ulcer, near to the s^eat 
glands and hair follicles, is revealed. In the superficial layers an infiltration 
consisting of cells resembling plasma cells is to be seen. In addition to 
these, other cells with granular protoplasm are present. .Signs of Cdpilldritis 
oblifcrdds may be seen in various positions. (For other peripheral lesions see 
Addendum.) 

Fdf Tissue. — In infected hamsters, wherever fat appears, single clasma- 
tocytes, heavily parasitized, aie scattered through it (Meleney). 

Tyinpltdfie (Hduds. — LeisJinidiiid were found by Christophers in lymphatic 
glands, especially in ulcers over the skin near to them. Cochran found them 
in smears from excised lymphatic glands. 

The mesenteric glands are swollen and soft. Jemma and di Cristina 
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state that the sinuses may be widened, the endothelium may be peeled off 
and may contain Lcishiunnia, The fibres of the reticulum are thickened. 
The endothelial cells may atrophy and there maybe signs of necrosis (Dionisi). 
There may be preponderance of parasite-laden cells in the follicular spaces. 

Lymph Xodcs. — Parasites may be found in the loose reticulum, and the 
degree of parasitization of any one group of clasmatocyte cells seems to be 
in inverse proportion to the number of cells in the group. 

Intestine. — During the course of the disease catarrhal changes and some- 
times ulcers arc found%i the h)wer part of the ileum. These are ot diflerent 
sizes, their border is irregular and they have a reddish-grey base. InHammation 
of the intestinal mucous membrane frequently occurs, and if it is of long 
duration it may lead to attenuation of the intestine throughout its length. 
Microscopic examination shows that he ulcer slowly destroys the superficial 
layers of the mucous membrane, penetrates deeply and may reach the 
muscular coat, (jianulation is seen in the surrounding tissue. 

Mackie has found bodies resembling Leislininnin in the smears of the stools 
of patients suffering from Indian kala-azar, in whom dysenteric symptoms had 
been induced by the administration of croton oil. Leisliinania have also 
been found in the endothelial cells of line capillaries in ulcers of the large 
intestine. Intestinal ulcers are more common in Indian kala-azar, in which 
multiple ulceration may be found in the large intestines which may extend 
deeply into the muscular coat. Christophers found Leishinnnia as intracellular 
parasites in the endothelial cells lining the blood-vessels in the granulation 
tissue of these ulcers. They may also be found inside the macrophages. 

jemma and di Cristina, in their observation of cases of infantile kala-azar, 
noted the constant occurrence of enterocolitis, and the presence of circular 
ulcers with elevated edges in the large intestine. 

Perry has observed that the jejunum may appear slightly thickened, with- 
out any ulceration. Microscopically the following histological changes were 
noted by him : — 

“ Kach villus was transformed into a swollen, distorted and polypoid 
body, connected with the submucous tissue by a constricted stalk, formed 
of a few fibres of connective tissue. The columnar epithelium covering the 
villi had disappeared and the basement membrane furnished a delicate 
limiting sheath for each little swelling. The internal structure of the villi 
was completely altered, owing to an intense proliferation of the endothelial 
cells lining the lymph channels. This proliferation of endothelium, although 
marked in the base of the villi, became more pronounced towards the centre 
and extremities of these structures, and the enlargement and distortion were 
caused by these tightly-packed accumulations of hypertrophied cells. 

“ In the greater number of villi the basement membrane was intact, but in 
many instances it had ruptured from over-distension and liberated the enclosed 
endothelial cells. 

^^The distribution of Leishman-Donovan bodies in the intestine was very 
striking. They could be demonstrated in scanty numbers in the submucous 
coat ; in that position they occurred in endothelial cells evidently derived 
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from vascular endothelium. They were present in larger numbers, in the 
same intracellular situation, in the base of the villi. In the centre of the 
villi they had undergone ra[)id multiplication, and they were present in 
enormous numbers in the endothelial cells, distending the extremities of these 
structures. In many of the villi numbers of endothelial cells had broken 
down, and the parasites were lying free in the villus mixed with the debris 
of necrotic cells.'' Perry emphasizes the possibility of the escape of viable 
parasites by the intestines. 

In the hamster, Meleney found similar changes in the gastro-intestinal 
tract, the submucosa being invaded by parasitized macrophages, especially 
near to Peyer’s glands and solitary lymphatic nodules, the epithelium being 
intact. Similarly in man, he found that where lymph follicles occurred, 
parasitized clasmatocytes were numerous in the neighbouring submucosa, the 
ileum, ciccum and colon being less infected than the stomach and jejunum. 

H.inerjee has found the parasite in the ulcers of the stomach of a case of 
kala-azar. 

Dionisi found LrisIunuJiin in the follicles of the intestines in cases of 
infantile kala-azar. In one case of infantile kala-azar Critien found l.cisluuania 
in the stools. 

Pdiumts. — There are no visible changes in the pancreas. Pianese found 
that the islets of Langerhans underwent hypertrophy and hyperplasia, and 
also discovered f.t'isJimniiid in the large mononuclear leucocytes. 

Lunins. — LcisJuiutuiii are found in the large mononuclear and polymor- 
phonuclear leucocytes. Parasitizing cells of the vascular endothelium 
and clasmatocytes may be present. 

MitimiKtry (ihnids.— The mammary glands are atrophied in a large number 
of cases (Dionisi). 

Ti’stcs. — Li'islunniiia may be found in the capillaries. As already stated, in 
experimental animals, Shortt found them inside the cells of Leydig. Meleney 
found them inside clasmatocytes in man. 

Kidneys.- — The kidneys sometimes show no changes. There may be 
congestiiui, hicmorrhages or signs of nephritis in the kidneys. Parasites have 
been found in the renal vessels, glomerular capillaries, and recently Shortt 
has cultured the jiarasites from the urine of persons sulfei ing Irom Indian 
kala-azar. According to Archibald, the parasites have never been found in 
the cells of the secreting tubules. They have been found inside cells of the 
1 eticulo-endothelial system in experimental animals. 

Ailrennl (ilaiids. — Lcislifnnnin may be present in the endothelium of the 
vessels in the cortex and medulla. Jemma and di Cristina found a glandular 
cell of the cortex invaded by Leislmuuiid, In experimental animals, the 
parenchyma of the cortex may be infected. 

Ilenrl and Hlood-vcsscls. — In the large veins p.irasites have been found 
inside endothelial cells. In the heart they have been found inside poly- 
morphonuclear leucocytes. In small and medium-sized vessels, fatty 
degener.ition of the intima is found. Many investigators have found the 
parasites in the peripheral blood. In 1909 Donovan stated that in 92 to 93 
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per cent, ot his cases he found the parasites both in mononuclear and poly- 
nuclear white blood-corpuscles. Patton found the parasites in the peripheral 
blood of thirty-eight out of forty-five cases which he treated in the General 
Hospital at Madras. In the Sudan, Thomson and Marshall found them in 
thirteen out of lifteen cases, and Cannata, Rutelli and \^lglio found them in 
93 95 per cent, of their cases in Italy. The UisJinuinid are seen in 

the large mononuclear cells, which Patton and Cliristophci s consider to be 
endothelial cells which have broken loose. In addition they are also found 
inside polymorphonuclear leucocytes. Knowles examined a series of 73 cases, 
and on 33 occasions he found parasites in the blood, i.e., 45 per cent., 
while 10 per cent, only of 682 films, made from the blood of these cases, gave 
a positive result. He considers that if the blood films are properly made then 
the lindings may be more frequently oositive. Examination of tliicker lilm 
smears gave much better results in his h.inds. 

Some experiments in which suprareni 0 (adrenaline) injections were given 
in order to bring the parasites more into the peripheral circulation, were not 
successful (Mazzoni). Knowles, however, stated that he obtained positive 
results more frequently when the patient had been given a subcutaneous 
injection of one cubic centimetre of i in 1 ,000 adrenaline solution half-an- 
hour before the blood was examined. By making cultures from the blood 
on N N N media, as described in the Chapter dealing with diagnosis, very 
frequently positive results are obtained, and sometimes even as early as the 
fourth day. 

As regards the number of parasites present in the peripheral blood at 
various stages of the disease, Patton is of opinion that they are present in 
greatest abundance in the last stages of the disease, and in those cases which 
are complicated by dysentery. Others, however, liave observed the parasites 
in greatest numbers in the early stages, as well as during the earlier and 
recurrent attacks of dysentery and during fever. Apparently any condition 
which raises the leucocyte count of the peripheral blood (e.g., dysentery 
and broncho-pneumonia) increases the possibility of finding the parasites 
in the peripheral blood. According to Knowles, the parasites are easy to 
find when myelocytes are present. 

For further changes in the blood-picture, see Chapter IX. 

In infected hamsters, heavily infected clasmatocytes are found in the 
interstitial tissue throughout the myocardium and subendocardial tissue of 
the heart. 

The pathology of dermal leishmanoid is described in Chapter IX. 

Nen ous Syslcni. — LeisJinuinia have been found by Christophers in the poly- 
morphonuclear cells, in petechiie from the arachnoid of Indian kala-azar. 
There is no record of Leislinuinia being present in the cerebro-spinal fluid of 
Indian kala-azar. La Cava found them in the cerebro-spinal fluid of infantile 
kala-azar. 

Muscles. — Visentini found parasites in the muscles, in one case which he 
investigated. 

Spleen . — The spleen is often swollen and sometimes it is enlarged to an 
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enormous degree. In the pathological museum of the Calcutta Medical 
College, there is a specimen of a kala-azar spleen of an adult weighing nearly 
three kilogrammes. The author had a case in the Calcutta Campbell Hospital 
in which the spleen weighed six and a half kilogrammes. 

Its external form does not change very much, although its contours 
become more rounded and the segmentation more marked. The surface 
sometimes appears opaque, because of the perisplenitic changes. Adhesions 
to adjacent organs may occur. In some places the follicles are visible, while 
in others they are not. The venous sinuses are dilated, and haemorrhages 
may occur. In acute cases the capsule of the spleen is generally smooth and 
stretched, and does not adhere to the adjacent organs. 

'Fhe consistency of the splenic parenchyma is variable. In acute cases 
the spleen pulp is soft and bulges out when the capsule is cut. It may rupture 
during exertion or through injury. In chronic cases the lirmness of the 
spleen increases, the capsule is thick, and some observers consider that there 
is less danger of its rupturing. Tlie author does not agree with the latter view. 
'Fhe spleen presents a solid appearance and keeps its form after having been 
removed. The substance is of a deep red colour and is granular in appearance. 
'Fhe trabecuh'e are prominent. The spleen is firm to the touch, altliough it is 
friable. Aiuemic infaicts may be present. It is stated by some that the 
violet-red colour of the splenic parenchyma is dilferent from the slate colour 
of the malarial spleen. 

Sometimes the Malpighian corpuscles are liypertrophied and sometimes 
they are atrophied and less prominent than normal, d'he splenic reticulum, 
which is scarcely apparent in subjects who succumb at an early period of tin* 
disease, may become thick, especially in the region of the follicular artery, in 
chronic cases. This is, to some extent, the cause of the splenic hy[iertrophy 
in these chronic cases. 'Fhe follicular arteries also become thickened, their 
endothelium is swollen and permeated with parasites. Numerous LcislinKUiin 
are also to be found in the enlarged follicular cells. Here and there the 
connective tissue loses its ti ansparency. Uniform areas of connective tissue 
are formed in place of the degenerate follicular elements and cells of the 
reticulum (Dionisi). The sclerotic tissue of the follicles and pulp eventually 
develops from this. 

In infantile kala-azar, di Cristina and Cannata found the capsule 
thickened, numerous endothelial elements swollen, and Malpighian coi puscles 
poor in lymphoid elements. The endothelium of the blood-vessels and 
vascular spaces contained LcisliUKinia. Visentini found the reticulum ex- 
cessively inliltratcd with Idood, and in some places where the distension 
of the reticulum l eached its maximum, especially near to the capsule, there 
were isolated areas t)f degenerated parenchyma. The hdlicles were sometimes 
reduced in size, being repn.'sented by little heaps of lymphocytes shiivelled 
up round the arterioUs. 

Dionisi states that the follicles are either degenerated or atrophied. 'Fhe 
cellular elements of the reticulum of the follicles are swollen and full of 
parasites. The meshes of the reticulum are thickened. The spleen pulp 
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dei^rneritcs or undergoes necrotic changes. According to liiin the l.cishiniiiiia 
are toiind in largest luiinber in the spleen, especially in the endothelial 
cells of the capillaries. 

The following types of endothelial cells containing the jxirasites are 
described by Christophers (see also Addendum) : — 

(1) Slightly modified endothelial cells, whose protoplasm sometimes tends 
to become proliferated in the form of buds. 

(2) Round cells with extensive protoplasm and a roimd or oval nucleus. 
These cells sometimes resemble small mononuclear leucocytes. 

(3) Very large cells lying inside capillaries. They may extended along 
the capillaries or their cytoplasm may be‘ massed together. 

(4) Extremely large cells. 'Flic cvroplasm of many of these cells is 
reduced to a mere pellicle containing mass of parasites. 'Fhese cells appear 
to be on the point of rupture. 

t^esides these cells the parasites iviay b»‘ found Inside the large mononuclear 
and polymorjdionuclear kaicocytes hi the spleen (Plate \d, lig. j). 

Some of the parasites derived from spl(‘en puncture appe.ir free, while 
others are iviund inside the large endothelial cells (Plate VI, fig. 2). In 
some cases these endothelial cells break up into small globular masses con- 
taining a number of tliese par.isites. 'I'hc^e masses sometimes resemble red 
blood-corpuscles, and may give the impression that the LcisfuiKinin arc 
contained in red blood-corpuscles. 

According to Xicolle, the large mononuclear cells derived from the 
endothelium of the capillaries contain the parasites exclusively in the spleen. 

In many cases of Indian kala-a/ar the author h.is observed the following 
changes in the spleen : — 

The* sjdeen is fre(piently congested, and in acute (.‘ases markedly so. 
In acute and subacute casi*s tlie venous sinuses may he so dilated th.it 
angiomatous spaces are formed, 'riu* spleen may be ovei tilk*d with blood 
and luemorrhages may occur in its tissue (Idate \d, lig. i). On section of 
the spleen, a multiplication of the macro[)hages, lo.ided with Lcishinaitidy is 
observed. In chronic cases, aggregates of pigment sometimes m;iy be found 
in the connective tissue of the trabecuke. Pigmentation ol the spleen is 
not, however, a constant sign, and may be absent in many cases. There is an 
increase of tibrous tissue, and s[)aces containing huge mononncle.ar cells full 
of fA'isIniiiiniit .are seen (Plate VII, ligs. i .and 2). Degenerative areas may 
occur in the pulp, resembling what have been described by 'fhayer and others 
in chronic malaria. Whether these changes are indicative of old malarial 
infection at an e.aiiier period, or due to kala-a/.ar itself, is diriicult to state. In 
some cases there is a hyaline degeneration of the small arteries in sc.attered 
areas. In other cases there is a thickening of the outer coat of the arteries 
with small lound-celled infiltration. This thickening may sometimes be very 
extensive, and may be associated with marked formation of fibrous tissue in 
the spleen. The thickened arteries are seen running along these thickened 
tibrous trabecuke. Sometimes the arteries appear to be obliterated. Kibrous 
nodules may sometimes be seen on section (jf the spleen. These appear, in 
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some ciises, to he situated on the sites of the obliterated arteries. Sometimes 
pigmented nodules can be seen here and there in the spleen, generally in the 
place where the atrophied Malpighian corpuscles were present. In some cases 
there is general infiltration of the spleen with melanin. 

Infarcts may be present in the spleen, 'fhere may be perisplenitis with 
thickening of the capsule in chronic cases. 

Some of the changes described above are similar to those that have been 
observed in cases of chronic malaria, and may suggest the possibility of a 
previous malarial infection. 

Generally speaking, the consistency of the spleen is hard, even in early 
stages of the disease. In this stage the hardness is due mostly to the organ 
being packed with A<7.s7o//^o//Ve-laden cells, and there is little or no develop- 
ment of fibrous tissue, and the spleen may regain its normal size under 
proper treatment. 

In chronic cases the hardness is due partly to the presence of leishmania- 
laden cells and partly to fibrous tissue development. In many of these cases 
the former preponderates over the latter, and the organ regains its normal size 
under proper treatment as in early cases. In those cases in which there is 
excessive development of fibrous tissue, the organ docs not regain its normal 
size under proper treatment. Such cases are rare, and a very hard spleen 
which clinically gives an impression of excessive development of fibrous tissue 
may be due mostly to the presence of Lcishtiianid-hiiicn cells, as can be seen 
post mortem. Meleney found in a case in man that the entire tissue was 
composed of a reticulum containing clasmatocyte tissue.’’ 

'Phe enlargement of the spleen is due partly to the above factors and 
partly to the dilated venous sinuses and congestion of th(* organ. In those 
cases in which the spleen is soft, the dilated venous sinuses predominate 
over the fibrous tissue formation. In certain cases, the enlargement of the 
organ is partly due to infarcts, which also influence the consistency of 
the spleen. 

In experimental animals, Shortt found the Malpighian corpuscles distinct, 
and there was a hyperplasia of the endothelium affecting tfie lining cells of 
the capillaries and blood-sinuses. The cells of the endothelial tissue may in 
part be so distended with parasites as to occlude the lumen of the sinuses. 
Large macrophages, containing parasites and probably of the same origin, 
may be seen. 

In the hamsters Meleney found, in chronic infection, huge heavily infected 
clasmatocytes practically occupying the splenic pulp and partly replacing the 
lymph follicles. 

Liver . — 'File liver is often enlarged, although not to the same extent as 
the spleen. It is only in very rare cases that the liver appears more swollen 
than the spleen. Greyish-white spots, indicating the presence of peri- 
hepatitis, may be seen on the surface of the liver. The edges are regular 
and well-defined. The solidity of the organ is somewhat increased. The 
cut surface is reddish-yellow and has the appearance of nutmeg liver 
(Christophers). The lobulation is not recognizable. Microscopic examina- 
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Case of Chronic Kala-azar. 



Fig. 1.— Section through a Malpighian body of the spleen. Fibrosis of the splenic tissue and 
obliteration of the central artery. 
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F*ig. 2.— Marked fibrosis of the spleen with Fig. 3.— Section of the liver. L.D. bodies in 

lacuiue in which are situated the L.D.-eontaining the Kiipffer stellate cells (endothelial cells). A 

cells. (Eye-piece No. 1, Oil immersion i*f.) few red blood-corpuscles are seen in the capil- 

laries. (Eye-piece No. 1, Oil immersion t^|.) 
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tion of the liver from advanced cases shows widening of the interlobular 
capillaries, and an increase in the amount of connective tissue pre^^enl. The 
liver cells appear to he damaged in a varying degree. In addition to 
atrophy and disintegration of the cell nucleus, typical fatty degeneration of a 
whole group ot cells is seen here and there. Pigment may be seen in those 
cells which contain parasites. The parasites appear to be in the capillary 
endothelium of the supporting tissue, and to a large e.xtent in the stellate 
Kiipfter cells. They are taken up, presumably, by phagocytosis. Changes in 
the interlobular connective tissue are not always to be found. Knot-like 
aggregations of white blood-corpuscles have been observed round the wall of 
the vessels (Xicolle). Venous or biliary cirrhosis is sometimes found ((jabbi. 
Abate). 

Statham points out that one can see* ndothelial cells containing LeisJunanin 
between the cailumns formed by the hepatic cells. 'I'lie endothelial cells are 
flattened out inside the blood-vessels. Acv ai ding to Christopheis and others, 
the parasites are found in largest numbers in the endothelial cells inside the 
capillaries. According to Ledingham, the parasites are found in wandering 
leucocytes originating from the spleen. 

According to Laveran and Havet the hepatic cells are the favourite position 
of the parasites in the liver, and they are found in much smaller numbers in 
the connective tissue, the plasma cells or the endothelial cells of the capillaries. 
'Fhcy do not agree with Christo[diers as to the site of election of LiisJuNdinti 
in the liver in human kala-azar. 

The author considers that the Leishman-Donovan bodies are mostly 
present in the Kiipffer cells (Plate \dl, tig. 3), agreeing with Christopheis’ 
observation. The accidental superimposition of parasites over liver cells or 
the apposition of paiMsite-laden Kupffer cells to the liver cells may give an 
impression of the parasites occupying the liver cells themselves. 

Christophers points out that the capillaries of the lobules and the liver 
cells in certain zones are atrophied. The parasites are more oiten tound in 
the periphery of the cells containing them than in their centre. 

Shortt points out from his observations in e.xperimental animals that the 
liver cells proper do not contain parasites. He also found an extreme degree 
of fatty infiltration and degeneration of the liver cells, and the liver tissue 
resembled the condition seen in phosphorus poisoning and in acute yellow 
atrophy. In infected hamsters there may be occasional parasitization ol the 
liver cells (Meleney). 

According to J^ogers' statistics the liver was enlarged in 43 j^er cent, of his 
Assam cases, in 59 per cent, of the early Kuropean hospital cases, and in 75 
per cent, of his cases at the Calcutta Medical College. It is usually very firm 
and hard in the more chronic cases. Rogers has described a form ot 
intralobular cirrhosis in cases lasting two or more years : — 

It is characterized by an absolutely smooth surface of the organ, but on 
section the liver is fouiul to bi* exceedingly tough, and s(; firm that digital 
pressure has no effect on it. 

“Microscopically it shows very diffuse intracellular ciirhosis, in the 
8 
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connective tissue of which shrunken parasites of kala-azar may still he visible 
with a high power. 

'^The liver cells are extremely atrophied, so that hut little healthy secreting 
structure remains. In addition, multilohular cirrhosis is met with not verv 
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r.irely in old c.ises of kala-a/ar. At autopsy it is usually found to he associated 
with old dysenteric ulcers." 

In some cases the author has found .m extensive fattv degeneration of 
the liver with some pigmentation (tig. 23). Dilatation of die vessels is 
frequently seen and infarcts may he present. 
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Boiic-niiinoii\- -The marrow of the long bones becomes pink in colour, 
and in appearance resembles fcetal bone-marrow, and is somewhat dilHuent. 
It is the elements forming the spongiosa whicli contain the greatest number 
of parasites (lig. 24). There are no marked changes to be observed 
either in the connective tissue or in tlie blood-vessels. 'Vhe tunica media 
of the medium-sized vessels may undergo fatty degeneration (\^isentini). 
According to Marchand and Lcdingham, the cells of the small marrow veins 
contain no parasites. Xo deposit of pigment 01 hiciiKMihage has been 
observed. Jemma and di Cristina found an incrc.i.'^e in the number ol 
lymphoid cells and a growth of the endotheliuin of the lymph channels and 
blood-vessels. Clasmatocyte tissue” has been found in the bone-marrow 
of ribs in man. 



24 . Sei tiiin ol' b( )nL-iiKii mw the presence ol Leishnian-I )on( )V.ni luxlies inside 

en(l«»tlieli.d cells. 

(h'roin a specimen kindlv lent hv Dr M. X. De nl the I’athnlo^ical Department «>f the C'.dciilla 

Medical C.»lle.Hc.) 


Lcislnudiiia arc found 111 the same cells of the bone-marrow as in the 
spleen. Statham found them in large and small myelocytes. They may 
also be found in the laige mononuclear and polymorphonuclear leucocytes. 
Acetuding to Chi istophers they are mostly present inside the macrophages. 

In e.\perimental animals Shortt found them much less numerous in the 
bone-marrow than in either spleen or liver. The endothelial cells were 
greatly hypertrophied in affected areas and were crowded with j^arasites. 
Large parasite-laden macrophages were seen in intimate connection with the 
endothelium of capillaries and stroma cells. 

The parasites retain their morphological characters longer in the l)one- 
marrow than in other tissues after death. 

Hu and Cash have found erosion of the inner table of the skull associated 
witli hyperplasia of bone-marrow and e.xtra-medullary deposit of blood on the 
surface of tlie dma mater in cases of kala-azar in China. 
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TREATMENT. 

Thk TREATMKNT of k.'ila-.'iziir, before the days of antimony, ^ave very 
indifferent results and need not he discussed here. \ arioiis drn]L,^s were 
<.;iven a trial, but no success was achieved. I\\‘feience may be made to 
the articles by I.eishman and (]abhi in the earlier editions of Meuse’s 
'rKOi^KNKK*A\k'MKlTKN, and also to the older woiks of the present author on 
Kai.a-a/ar and its Trkatmknt, and to Laveran’s Lkisiimaniosks. 

'Fhe lesemblance of tlic disease to malaria and African trypanosomiasis 
has led from time to time to the use of various treatments that have been 
adopted in these diseases. The vaiioiis methods of treatment that were 
adopted before the days of antimony in the treatment of kala-azar may be 
summarized as follows : alkaloids, especially cjiiinine in massive doses, 
leucocyte-increasing dru^i^s, alkalies, bone-marrow and spleen extracts, 
vaccines, arsenic, mercury and other metals, X-ray, splenectomy, intiavenous 
injection of antiseptics, <S:c. 

Manson was the lirst to advise antimony preparations in the treatment of 
the disease. Vianna and Machado, in 1913, lust used tartar emetic in the 
treatment of cutaneous leishmaniasis of South America, and obtained remark- 
ably ^ood results, di Cristina and Caroiiia used tartar emetic in the treatment 
of infantile kala-azar with satisfactory results. Tlicir method of treatment was 
adopted by many workeis in Italy, includini^, amoiiL; others, Spai^nolio, in 
Messina, Loni^o and Abate, in Catania, Jemma and his colleaj^ues, in Naples. 
At the same time tart.ir emetic w.is bei^innini^ to be used in Indi.i in the 
treatment of kala-azar. As pioneers in this tield, in the treatment of Indian 
kala a/ar, the followin;^ may be mentioned : Rollers, Mackie, 1 lume, Castellani, 
and the author. 

K*o<;ers claims to have been the lirst to use it in tlie treatment of kala-azar. 
Castellani, ln)wever, has drawn the author’s .ittention to tlu‘ Report to the 
Advisory C'ommittcc for the Tiopical Research Kund, 1914, by Castellani, in 
which his first note on the treatimait of k.d.i-azar with tartar emetic was 
published belore Cristina, Caronia and Rogers [niblished their results. He 
therelore claims to have been the lirst to use the drug in kal.i-azar. Also 
riilc Laveran’s Lkishmaniosks. 

Antimony can now be regarded as a specific in the treatment of the 
disease. 'I’he discovery of the best preparation has been the subject of 
extensive research, carried out by the present author during the last few years. 

The subject ol the chemotherapy of antimony cannot be discussed here 
in detail. The reader is referred to the papers written by the author on the 
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subject of ''Cheinollicrapy of Antimonial Coinpoiuuls,” publislied in the 
Indian Jotmial of Midual Research^ The followiiyLj table gives tlu* relative 
toxicity of some of the antimonial compounds investigated by the author: 

TAHLK. 


'I'oxiiMty of the sli rontent Min. Utli.il !. sr i 

(\)i iiui.ie.i pius per kj;. 
"? Mmly \vcij;lil. 

(Juininc antinionyl tartrate ... Q-j:^ 

Sl^jO.i dissolved in glycerine ... q 

Amnioniuin antimonyl tartrate 0'0() 

Strontium antimonyl tartrate 

Potassium antimonyl tartrate O'OsS 

C'alcium antimonyl tartrate ... 0'055 

Ethyl antimonyl tartrate ... 0*045 

Xarcotine antimonyl tartrate 0*01^5 

Cinchojiine antimonyl tartrate 0*15 

Sh/ja dissolved in tartaric acid 0*05 

Trea antimonyl tartrate ... 0*055 

Ammonium an.imonyl nialate 0*00 

Sodium antimonyl tartrate ... 0*055 

Aniline antimonyl tartrate ... 0*055 

latliiiim antimonyl tartrate ... 0*01 

rr(‘a stihamine ... ... 0*7 

Stihamine ... ... 0*5 

Stib-hectine ... ... 0*f) 

Stih-acetin ...... 0*7 


'Phe various autimonial pi ep.irations lliat have been or may be used in 
kala-azar may be conveniently divided under the following heads : — 

(i) iXromatic antimonials: A new compound discovered by the author, and 
formed by the combination of p-amino-phenyl-stibinic acid witli urea, urea- 
p-stibanilate, urea stibanilate, ammonium carbamino-stibanihite (named urea 
stibamine by the author) ; acetyl-p-amino-phenyl stibinate of sodium 
(stibacetin, stibcnyl, Allen and Hanbury) ; sodium-p-ainino-phenyl-stibinate 
or sodium stibanilate (named stibamine by the author) ; stibamine in com- 
bination with glucose (named glucose-stibamine by the author), or stibamine 
glucoside (Burroughs Wellcome and Co.) ; urea stibamine in combination 
with glucose (named glucose-urea-stibamine by tlic author) ; metaclilor-p- 
acetyl-amino-phcnyl stibinate of sodium (named chloro stibacetin by the 
autlior), or stibosan (von Ileyden) ; N-phenyl-glyciiie amide-p stibinate of 
sodium (a new compound described by the author and named stibiglycine- 
amide) ; a compound of unknown composition formed by the combination of 
p-arsanilic acid with an amine, and known as “693” von Heyden. Among 
the new aromatic antimonials prepared in the author's research laboratory 
and which are likely to be of therapeutic value are ben/ene-sulphonyl-p- 
amino-phenyl-stibinatc of sodium (stib-hectine) ; urethane derivative of 
p-amino phenyl-stibinic acid ; carbethoxy-p-amino-phenyl-stibinic acid ; 
carboxy-methylenc-()xyphcnyl-4-stibinic acid ; allyl-thio-carbamino-p-amiiK;- 
phenyl-stibinic acid. 
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(2) The antinionyl tartrates: {a} Potassium antiiiionyl tartrate (tartar 
emetic), sodium antimonyl tartrate, sodium potassium antimoiiyl tartrate, 
hyper-acid autimoiiyl tartrate, ammonium antimonyl tartrate, lithium anti- 
monyl tartrate, calcium antimonyl tartrate, strontium antimonyl tartrate, 
bismuth antimonyl tartrate, ethyl antimonyl tartrate, quinine antimonyl 
tartrate, cinchonine antimonyl tartrate, narcotine antimonyl taiiraie. (h) The 
following new amino antimonyl tartrates have been prepared in the author’s 
research laboratory : Phenocoll antimonyl tartrate, ainesthesin antimonyl 
tartrate, novocaine antimonyl-tartrates, apothesine antimonyl tartrate, ortho- 
form antimonyl tartrate, acritlavine antimonyl tartrate. 

(3) Colloidal sulphide of antimony, colloidal metallic antimony, metallic 
antimony in a state of line subdivision, antimony oxide dissolved in glycerine. 

(4) Sodium antimony thioi^lycocollate and antimony thio]^lycoc'.)llamide. 

(5) The antimonial malates. 
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The antimonvl tartrates should not be considered as antimony salts of 
organic acids, as they are really salts of antimonyl tartaric acid. The penta- 
valent compounds of antimony should not be considered as ecjuivalent to 
therapeutic aromatic antimonials, as they include inori^anic salts of anlimonic 
acid which have little or no therapeutic value. 

The methods of administration of the antimonial preparations are: (1) 
INTRAVKNOUS; (2) INTRAMUSCULAR ; (3) INUNCTION; (4) ORAL; (5) RKCTAL. 

I. The iNTRAVKNOi^s Mktiioi) is the one most commonly employed, and 
^ives the best results. 

(1/) 'I'lie author in iqji obtained very satisfactory results from the use of 
urea stibamine in the treatment of kala-azar. The compound was discovered 
by him in the course of rese.irch under the auspices of the Indian Research 
Ruud .Association. I'ull det.iils ix\i(ardino the use of urea stibamine in 
kala-azar and other aromatic antimonials are given later on. 

(h) The two antimonyl tartr.ites that have been very commonly used are 
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tartar emetic and sodium antimonyl tartrate. The author has also used 
ammonium antimonyl tartrate. From the table i^iven on pai^e iii it will he 
seen that this salt is the least toxic, and that the sodium and potassium 
salts arc equally toxic. The dose of each of these salts for an adult is 
2 to 5 c.c. of a 2 per cent, solution i^iven intravenously twice a week. Some 
authors recommend the use of a i per cent, solution, but tlieu' is no 
advantage in this, nor is there any advantage in giving the injections at 
shorter intervals than twice a week. A hiejicr concentration than 2 per 
cent, is not to be recommended. 

The following precautions should be obseived in carrying out a course 
of treatment w’ith the antimonyl tartrate • : — ■ 

If a severe reaction in the form of violent rigors, high fever and persistent 
vomiting or diarrluca, should occur, the next dose should not be a larger 
one, nor should it be given after a short interval. In such cases the next dose 
should be smaller than the previous one, <ind given at an interval longer than 
that betw’cen the foregoing ones. If there is increase of (edema during the 
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Fni, 2 (^. -TcinjX'iMturj of :\ r.isc of Kal.i-a/ar cured by sculiuin anliuionvl tartrate. 



course of treatment, then the dose should be diminished and given at longer 
intervals. 

The treatment should be continued until the fever has been absent for a 
month. The blood-picture must be w'atched for a considerable time. The 
following factors should determine wliether the treatment should be discon- 
tinued : A leucocyte count of 7,500 or more, without any tendency towards 
diminution, a steady g.iin in w^eight and improvement in the general condition, 
and in most cases reduction of the size of the spleen to normal, if possible, 
a spleen puncture and peri[)heral and spleen blood-culture should be made 
for absence of Leislinuinia, 

Some observers hold that para.sites may be |)rc.sent in the spleen even 
w^hen the patient is clinically cured, and in some of these cases the paiasit(*s 
subsequently disappear spontaneously. It is risky, how'ever, to slop the 
treatment if parasites are still present, as the possibility of a relapse remains. 

The spleen is generally reduced to its normal size din ing the course ol the 
treatment A spleen that feels very hard, and clinically gives the impression 
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of having iiiiclcr^'ojic fihi cjiis chan/^c, may return to normal under antimony 
treatment, fn other cases a slijLjhtly enlarited spleen may persist for a lon^ 
time even after the cure has heeii established, and it retiuns to its normal si/e 
slowly. It may thus be concluded that while it is desirable that the spleen 
should be reduced to its normal si/e when the treatment is completed, it is 
not always necessary to continue the injections until this condition is reached. 
A fibrous spleen may remain enlarged after the patient has recovered. One 
must take all the above facts into consideration in dcterminini^^ wliether the 
treatment should be discontinued or not. 

Symptoms of intolerance have sometimes been met with after intravefious 
injc'ctions of tartar emetic or sodium antimonyl taitrate. Their solutions 
should not be sterilized in an autoclave, as toxic decomposition [iroducts 
maybe thereby produced. It has been recommended to sterilize tartar emetic 
solution in liowinij steam, on two or three consecutive days (Castellani and 
Chalmers), or by filtering it throu^ijh a Chamberland lilter. Neither of these 
precautions is necessary if one boils the solution for ten minutes. 

It is desirable always to use a fresh solution, 'fhe author has shown 
that old solutions of tartar emetic or sodium antimonyl tartrate are more 
toxic to experimental animals than fresh ones, apart from any bacterial 
contamination. 

Ammonium antimonyl t.u lrate has been used in the same way as tartar 
emetic, and the results seem to be satisfactory. Reference will be made to 
hyper-acid antimonyl tartrate under the headin,i^ of intr.imuscular injection. 

(r) 'file author has used colloid.d sulphide of antimony intravenously as 
well as subcutaiu*ously. h'or an intravenous injection, 20 c.c. of a 1 in 500 
solalion may be .i^iven (Rollers). I^oj^ers tieated ten cases which were cuied 
after injection of about 37 c\<4rm. of this pia-paration. 

More recent investij^ations have shown that colloidal antimony suli)hide 
does not produce uniformly ^ood results. 

(</) 'flu* author has used colloidal metallic antimony, and metallic anti- 
mony in a stale of line subdivision, intr.ivenously with satisfact(M'y results. 

Preparation of ca)lloidal met.dlic anlimony has been described by the 
author in the Lducct, 1916, October 21. 

Colloidal metallic antimony is brownish-red by transmitted li.54htand bl.ick 
by rellected li,e;ht, bein^ in this respect similar to Svedbeii^’s colloid. 

It was at first thoui^ht that colloidal metallic antimony prepared by 
the author’s method was a very stable substance, but subsequent observations 
showed that it became slowly tr.insformed to Sb.^O.j. 

Dose of colloidal metallic .intimony : o'ooi grm. t(^ 0 002 141111. given intra- 
venously, or intramuscularly, on successive days. 

(c) 'file author has used metallic antimony in a state of tine subdivision 
intravenously, liefoie the introduction of urea stibamine it was the most 
powerful antimonial preparation in the treatment of kala-a/ar, according 
to the author. 

The dose of metallic antimony in a state of tine subdivision is ] to i gr. 
(o*oio to 0 065 grill.) intravenously. 
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A special appanitiis has l)ecn devised I)y tlie author for intravenous 
injection of metallic antimony (fi^. 27). 

Technique of I ii/nirenons liijeclion of Mefnllir Antiniony. — Tlic method of 
administration of metallic antimony is the author’s own, and is described as 
follows {Indian Medical (iavetle, December, 1915) \ An all-^lass lo-c.c. 
syringe is htted with a three-way stopcock, the remaining two ends of 
which are fitted to a platinum needle and a rubber tubing attached to the 
nozzle of a piece of glass tube respectively. A stout hypodermic needle, 
with a specially constructed blunt cannula inside, should be used preferably 
in place ol an ordinary one. This cannula when pushed through 



Kk;. :s. a iMsc of k.ila-.i/;ir luMnir tn-.it- A case of kala-a/ar atlor treal- 

inent with metallic aiitimnnv. nieiil witli metallic aiitimonv. 

(()ri]Liinal.) 

the needle will prevent the puncture of the vein a second time during 
the process of injection of the metallic antimony (see tig. 27). Formerly 
I gr. of metallic antimony was made into a thoroughly homogeneous 
paste with sterilized liquid glucose, in a glass mortar, and then mi.xed 
with 20 c.c. normal saline. (The glucose added is just siillicient to make 
a 5 per cent, solution with the 20 c.c. normal saline.) The stopcock is 
so arranged that the svringe mav be made to communicate alternately with 
the needle or the glass tube by turning the stopcock. Halt the»suspcnsi()n 
is now sucked into the glass syringe and, after being treed from any bubbles 
of air, it is injected into a vein of the fore-arm. The glass tube is now 
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iillcd with a portion of the remainini^ suspension, which is sucked into the 
glass syringe, and then tlie suspension is again injected. In this way the 
whole of the suspension is injected into the vein. Anv sediment of antimony 
left inside the syringe is subsequently mixed with normal saline cont. lining 
5 per cent, glucose, and then injected into the vein. 'I'his process is repeated 
several times till no antimony is left inside the syringe. Abnut 40 c.c. to 
45 c.c. of normal saline are retiuired to inject 1 to metalhc antimonv. 

The glucose has nowadays been completely dispensed with by the author, 
and the antimony is intimately mixed with normal saline by shaking it 
inside a stoppered glass phial. The antimony is sterili/ed by being dipped in 
absolute alcohol in a small stoppered phial, in which it is allowed to settle. 
After the antimony has settled down the alcohol is gently poured off. The 
antimony is subsequently transferred 'o die shaking phial, after being mixed 
up with normal saline. The i^atient siiould remain in the recumbent posture^ 
for half an hour after intravenous injectio! of metallic antimony. 

Choice (inii Pniiclmr of J'^ciiis for Inlnrciitoits, Injccliou of AtiUmonial 
Solutions. — d'lic patient must present himself for injection with an empty 
stomach. The presence of food in the stomach predisposes to vomiting. 
In the case of metallic antimony the patient is placed in tlie recumbent 
position, with his head on the same level with the feet. In other cases one 
may inject into a patient in the upright position, but the recumbent position 
is preferable, especially in debilitated patients. The choice of the vein need 
not be made until after compression of the arm ; the venous circulation in 
the arm is stopped and the vessels dilated. (See tig. 30.) Tlie cleaning of 
the skin is performed by friction of the held of operation with cotton-wool 
dipped in 90 per cent, alcohol. In some cases, after painting with tinct. iodine, 
the iodine stain is washed with absolute alcohol. This brings about perfect 
sterilization of the part. The median cephalic is usually the vein of choice. 
If the median basilic or cephalic vein cannot be made prominent, then one of 
the veins on the back of the hand or any other prominent vein should be 
tried. Concave veins, as .ire found over the inner side of the elbow of very 
muscular people, may be tried if the median basilic or cephalic vein does not 
become prominent. In cases in which the veins of the upper extremity are 
not prominent, the veins on the dorsum of the feet may be tried. There is 
one vein near the inner malleolus wliich may be particularly suitable for the 
purpose. In those cases in which the veins of the extremities are not 
available, the superficial veins of the .abdominal wall may be tried. The veins 
.arc not .always marked off on the skin by their blue colour. If they are big 
and thick-w.alled, their presence is perceptible by the prominences they form, 
even if they dip deeply into the subcutaneous tissues. Often, even by 
touching tliem with the point of the index linger passed over the surf.ace of 
the skin, one perceives the existence of the blood-laden tube. 

Piiuclurc of the Vein. — The puncture of the vein does not present any 
difficulties if one knows the little details of the operation. If one wishes to 
succeed at once and without trouble, it is essential that the needle should 
catheterize the vein, i.e., that it should fit into it like ,a trochar into its outer 
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tulle. To obtiiin such ideal catheterization it is of primary impoitance to fix 
tlie vein in sucli a manner that it does not run away before the needle. This 
is ohtaincd by stretchiiif’ the skin of the arm downwards with the point of the 
index fuif'er or the thumh about 2 in. below the point aimed at. The 
stretchiuf' of the skin and the underlying tissue properly fixes the vein. This 
traction can also be obtained hy forming an angle with the middle and index 
lingers of the left hand, this angle being bisected by the vein. Another 
means to immobilize the vein is to pass the left hand behind the arm of the 
patient and to stretch the skin on a vertical level with the thumb on one 
side. This position h.is the added advantage of fixing the arm as well, but it 
has the disadvantage of hiding the vein. After fixing the vein it has to be 
catheterized. One takes hold of the syringe with the needle and, pricking tlie 
skin over the vein, pushes the needle forward at a convenient angle. Instead 



Fit;. .>0. Aiillior’s inctlioil cf coinprcssinj^ Ihc veins at the bend of the elbow for tlie 
<iperafi<iii of \i-iii piiiu tiiri-. A piece (»l rubber tiibini^ is passed round tlie arm and then 
(be two eiuF of the tubing are passed tbrcminb one of the aperture^ of a pair of lon.^ue- 
foiveps patlernl, in (he wav indicated in the Ipt^nre, After piillin.it bie two ends 

ol Hie tiibiii.i; and then clani|iinit it, the pressure exerted in comj’iressiii.it the veins can be 
easily re;.iiil.ileil. 


of piiiicliirin/^^ with the clctacliccl needk-, (he author considers it preferable 
to li.\ the needle to the syrin.^e. The syringe is tilled with the liquid to be 
injected, and after drivint^ out the air until a drop of liquid appears at the 
poitit of the needle, the vein is punctured with the needle. At this moment 
the syringe is gently depressed and the piston is gently and slightly with- 
drawn. If any blood appears inside the syringe, then the needle is evidently 
inside the vein. To prevent the patient bending his elbow, it is always safe 
to hold the fore-arm a little above the wrist and exert gentle traction along 
its longitudinal diameter. At the termination of the operation the blood 
spilled on to the arm is w.ished with sterile water or swabbed with sterile 
cotton-wool. A pad of sterile cotton-wool is placed over the point of 
puncture and a little collodion is poured over it and gentle pre.ssure applied. 
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II. Intramuscular Mrthod. 

(a) 1 he intraiRiisciiliir injection of tartar emetic 01 sodium antimonyl 
t.irtrate is most painful, altliou^^h not as painful as tlie suhculaneoiis injection. 

Castellani recommends the following formula : — 

li Tartrate of antimony ... ... ... s (0’52 i^rm.) 

Carbolic acid ... ... ... ... 10 min. 

(dycerinc ... ... ... ... drm. ( 1 1*4 1 

Hicarbonatc of sodium ... . ... ^r. (0*02 lirm.) 

Distilled water ... ... . . ... 1 oz. (M .i^rm.) 

The dose is J to i c.c. injected every oilier day intramusculai ly into the 
gluteal region. Sodium antimonyl tartrate n. 'V be used in place of tartar 
emetic in the above fornuila and may pi‘"hans bu less painful. 

(b) Antimony trioxide has been ree<)nnncnded for use in intramuscular 

injections in closes of i to 2 c.c. of a solution of i or. (0*065 of the 

compound in equal parts of olycerine and water (50 c.c. each). The solution, 
which is probably a ^lycerate, is weak in its leishmanicidal properties. 

(c) Colloidal sulphide of antimony in a 2 c.c. .us])ension in doses of o'ooi 
l^rm. has been used for intramuscular injections. 

(c/) Hyper-acid antimonyl tartrate (which antimony trioxide dissolved in 
excess of tartaric acid) plus urethane (i or. of urethane added to i c.c. of a i per 
cent, solution of the Sl)./).^) has been used by the author for intramuscular 
injections with very good results. 

Dose : 0*05 to 0*1 c.c. of a i per cent, solulion ol the acid salt, calcul.ited 
in terms of antimony ti ioxide dissolved in the tai taric acid, d'he injections 
are oenerally, but not always, painless. 

(r) Urea stibainine has been given intramuscularly with benelicial results 
and frequently without much local irritation, the dose being 0*05 to i grm. 
diss(dved in i to 2 c.c. of distilled water given on alti*rnat(* d.iys. 

(/) Of the aromatic anliinonials, intramuscular injections of acetyl-p- 
ainino-phenyl-stibinate of sodium were lirst used by Caiauiia in the treat- 
ment of infantile kala-a/ar. He obtained good results from the administration 
of 3 to 10 egrm. to children under 2 years, and 5 to 15 egrm. to older children, 
on alternate days. Subsequent observations of Mackie and olheis, on the 
other hand, proved that the drug w’as toxic in its effects, 'riie author has 
observed that in India it becomes toxic wuth age. 

Some of the amino-antimonyl tartrates, prep.ued during the c:()urse of the 
author’s research w’ith the idea of using tliem intramuscularly, have been tried 
by him wath variable results. 'Fhey are less painlul than the ordinary 
antimonyl tartrates. 

111. Inunctions. 

In children and nervous patients an ointment of pow'dered metallic 
antimonv in lanoline (5 or lo percent.) has been recommended to be rubbed 
in over the splenic region. In many cases it does not seem to make any 
impression upon the course of the disease. This treatment may, how’cver. 
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supplement the intriivenous injections. Ointment of metiillic lUitimony in a 
state of fine subdivision is more easily absorbed and gives better results. 

IV. Okal Method. 


{(i) The following mixture may be given />(•/• (\s- (Castellani) 


H Tartrate of antimony 
Hicarbonate of sodium 
Cilycerine ... 
Cliloroform water ... 
Water 


5 ^r. i0’325 
.'^0 i;r. u'rm.) 

1 o/. 1 21 urm.^ 
1 o/. f H Lirm.) 
ad 2 ()/. I '>2 


The dose is one to two teaspoonfuls in water three times ad.iv. According 
to the author, the therapeutic value of oral administration of the drug is weak. 

(/)) Bismuth antimonyl tartrate has b( en given orallv by the anlhoi* in a 
few cases. No conclusive results were obiained. d'heoretically speaking, it 
should combine the tlicrapeutic properties •. f bismuth and antimony. 


\\ Rectal Mei'IIOD. — Sodium or potassium antimonyl tartr.ite has been 
administered per rectum, but this method has nothing to recommend it 
and is sometimes painful. Brea stibamme h.is also been administered 
by the same route. 

In administering an antimonial preparation, such as tartrate of antimony 
or sodium antimonyl tartrate, it must be remembered that the concentiation 
of antimony in the blood has to be high enough to destroy the LcisJinianiii. 
It appears that, generally speaking, such a concentration can only be obtained 
by the administration of the above compounds by the method of intravenous 
injection, as sufficiently large doses cannot be administered by any other 
route without giving rise to distressing local symptoms. 

The JolloK'ing synipfoui'i of iutolevnucc may Jolloic iulyavcnous injection of 
tartar cnictic or sodiitni antinionyt tartrate : 

Rigors and rises of temperature, which may sometimes be severe. Occa- 
sionally the patient complains of intense headache lasting for some days, pain 
in the gums, vomiting, tianiblesome cough, diarrlKca or a dystMiteric condi- 
tion, which may sometimes be severe and alarming. Sometimes the patient 
complains of a metallic taste in the mouth, and there is a disinclination for 
food, and vague abdominal discomfort. J^aiely the patient complains of 
intense abdominal pain, especially over the splenic and hej^atic regions, lasting 
for some days, or in the region of the kidneys, associated with dysuria. In some 
cases a bronchitic condition sets in which lasts for some days. 

In some cases (x^dema of the extremities, or an increase of (edema, 
if already in existence, makes its appearance after the lirst lew injections. In 
a few cases a peculiar suffocating feeling or a feeling of spasm of the glottis 
occurs after the injection. Sometimes symptoms of cardiac depression, with 
a feeble pulse, may appear after the injection, but this is rare. 

In one case, high fever with violent fits set in after injection of lo c.c. of 
a 2 per cent, solution of antimonyl sodium tartiate. The patient remained 
comatose for two days, but afterwards recovered. 
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Jauiulicc may appear in some cases after intravenous injection of 
antimonial preparations. Herpes may appear occasionally. 

Sometimes the patient complains of pain in the joints which may be severe 
and last many days. These joint pains generally come after the treatment has 
been continued f(U' some time. 

In a few cases the patients developed pneumonia shortly after injections of 
sodium antimonyl tartrate or t«irtar emetic; the same condition was observed 
in one case after intravenous injections of metallic antimony. It seems 
probable that injections of antimonial preparations predispose to attacks of 
pneumonia. Greatest care should be taken not to expose cases of kala-azar 
to colds or chills durin ;4 antimonial treatment. 

If the patient is sufferin^^ from broneliitis, it is advisable to postpone 
antimonial tn atment, or if bronchitis develops durii\i{ the course of treatment 
of the disease, antimonial medication should be suspended for some time till 
the complication disappears. 

In very raie cases, symptoms of paraplej^ia may set in during treatment 
with sodium antimonyl tartrate or tartar emetic. 

On very rare occasions death from extreme dyspiuva has taken place 
suddenly and unexpectedly after injection of these salts, thou^j^h several 
injections may have been ;^iven previously without any untoward symptoms. 

'Phe therapeutic value of the antimonyl tartrates compared 

Thomson and Cushny observed that sodium and potassium antimonyl 
tartrates were equally elTicacious in the treatment of sleepinj^ sickness. The 
author considers that they are also of the same value in the treatment of kala- 
azar. OtluM's hold that the sodium salt is the more efficacious ol the two. 
'Phey ^ive rise to much pain and inllammation when injected subcutaneously 
or intramuscularly, and sloughs m.iy form, especially after subcutaneous 
injections. Accordin^-L; to Plimmer and Fry, lithium-antimonyl tartrate is the 
most ellicient tiypanocide amon<^ the inoia^anic antimonyl tartrates. In 
experimental animals it ^ijives much better lesults when i^iven subcutaneouslv 
than the correspondin^C; sodium or potassium salt. Amon.^ the organic 
antimonyl tai trates, Plnimson and Cushny considered that ethvl antimonvl 
taitrate was the most ellicient trypanocide of all the tartrates, and thou;4h it 
was more poisonous than the potassium or sodium s.ilts, the difference 
between the ellectivc tiyp.inocid.il dose and the lethal dose was not less 
than that ot the other antimonyl tartr.ites, and the optimum dose corre- 
sponded to Hiownini^’s ther.ipeutic dose, bein,^ two- thirds of the maximum 
dose that avcra.i^e animals tolerate. In kal.i-azar the author has found the 
dru^ to be so toxic that he j^ave up its use. A new’ method (d preparinij; 
the compound has been described by the author. Ouinine antimonyl 
tarti.ite has becMi lound by Farther and Ciray to be the least tf)xic of all the 
antimonvl tartr.ites, and this has been conHrmed by the observation of the 
author. Phe author has no experience of the diu;4 in the treatment of 
kala-azar. As stated belore, ammonium antimonyl tartrate is less toxic than 
the sodium or pot.issium salt. It is equally eflicacious in the tixatment of 
that disease. 



Treatment 


123 

In India sodium antimonyl tartrate is the most popular preparatiim of all 
the antimonyl tartrates that have been used in the treatment of kala-a/ar. 

Bismuth antimonyl tartrate and urea antimonyl tartrate have been prepared 
for tlie first time in the author’s research laboratory. 'fhe former contains 
both bismuth and antimony, and should combine on theoretical i^rounds 
the therapeutic value of both the elements. 

Urea antimonyl tartr.ite has been used with success in a few cases. 

It may be stated here that sodium antimony thioi^lycocollate and aiUimonv 
thioglycocollamide have given good results in the ti\. tnumt of c‘xperiment.il 
trypanosomiasis. These may be tried in the triMlment of kal.i-.i/ar. 

AK’OiMAriC ANTIMONIALS JN THK .RKATMKNT OF KALA-AZAK — 

UKKA STIF.AMINF AND OTHER OKO 'C PENTAVALEXT ANTIMONIAES. 

It will not perhaps be out of plai.e to give here a short history of the 
introduction of aromatic antimonials in tl tre.itment of hulian kala-a/ar. 

'riie chemotherapy of aromatic :..itimonials in kala-a/ar infection has been 
the subject of research by the author for many years. In i()2o, shortly alter 
he had been linanced by the Indian Research Fund Association for carryitig 
on researches into the treatment of kala-a/ar, slihiiitilr of 

soifimn dud (iiiiiiio-plicnyl-s/ibiiiii/t' of sodium wove prepared for the fust time 
m India in his laboratory in the Calcutta Campbell Medical School, and he 
immediately brought to the notice of the (jovernment, tin; (h)verning F>ody 
of the Indian Research Fund Association, and the then Secretaiy of the 
Calcutta School of 'Tropical Medicine, the possibility of the potentialities of 
these compounds in the treatment of Indian kala-a/ar, his conclusions being 
based on theoretical grounds, from an analogy of tlu* value of the coriespond- 
ing compounds of arsenic, namely, nrs^dcctiti and dlo.xyf in tlu* ticatment ol 
ccidain proto/oal diseases. 

'The acetyl compound ( stib.icetin, stibenyl) was used more or less 
successfully outside India in the treatment of kaki-a/ar and other forms of 
leishmani.isis (Caronia, Rharina-Mariniichi, Spagnolio). Manson-Bahr suc- 
cessfully used it in a case of kala-.i/ar. Kaiiy in H)2 1 the author discovered 
that urea could combine with stibanilic acid and that the resulting compound 
surpassed all his e.xpectations in its value in tlu* treatment of kala-a/ar. Its 
introduction by the author and his researches into the chemothei apy ol 
antimonini compounds in kala-a/ar infection opened up a new vista in the 
treatment of the disease in I ndia, by means of therapeutic .iromatic: antimonials. 

I rod stihiuninc {dni/iioiiimn carbdniino-slibdnildlc, nri'd-f^slibdii ibilc or 
nird-slibdiiildlc), 

TREATMENT OK KALA-AZAR WITH UREA STIBAMINE. REVIEW OK THE MOSI 

1M1*0RTANT PAPERS ON 'HIE USE OF 'HIE COMPOUND. METHOD OF 

ADMINISTRATION — U’S DOSAGE INDICATIONS AND CONTRA-I NDICA’l IONS 

— ADVANTAGES. 

Until recentlv t«utar emetic or sodium antimonyl tartrate was extensively 
used for the treatment of kala-a/ar in India. 'These are now being completely 
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replaced by urea stiba.miiic, on account of its hiijli therapeutic value and 
marked superiority over the antimonyl tartrates. 

The compound formed by the combination of urea with stibanilic acid 
was named by the author urea stibamine. 'Fhe medical profession in and 
outside Calcutta soon came to rcco^^nize its value from reports of cases treated 
with the drug in the wards of the author in the Campbell Hospital, long 
before tlie results of liis observations were published. His first series of 
successful cases were published in October, 1922. In 1923, Short! and Sen 
in Assam reported having obtained more brilliant lesu’ts with this compound 
than those obtained by the author in his fust sei ies of cases. 

'Fhe Gov^erning l^ody of the Indian Rest'arcli Kuiul Association ejuickly 
recognized its value from leports of tlie author working in Calcutta, and also 
of those obtained from Shortt and other -.nccessive Directors ol the Pasteur 
Institute, Shillong, from Christophers, i)ireetor of Kala-azar Commission, who 
reported from his e.vperience in Assam its remarkable eflicacy, from 

medical ofticers of tea estates in Assam, and from the (joveinment of Assam. 
In Calcutta its value was recognized by the physicians of the Calcutta Medical 
College Hospitals and successive superintendents of the Calcutta European 
Presidency General Hospital. In these institutions it was quickly introduced 
and extensively used with most brilliant results. Its reputation quickly spread 
all over Assam, Bengal, Bihar and Orissa, and to more distant places in India 
such as Madras, Sanawar, Simla Hills, and other places too numerous to 
mention, and every observer who used the drug was convinced of the great 
advance made by its discovery in the treatment of kala-azar. 

Remarking on its therapeutic value, the Secretary, Scientitic Advisory 
Board, Indian Research Fund Association, wrote as follows: “Both tlie 
Director of the Kala-azar Commission and Lieut. -Col. E. D. \V. Greig con- 
sider that this drug has a highly specific action in kala-azai , and its value 
has been abundantly testified to by those who have tried it, both in so iar as 
it shortens the period of treatment and in so far as it seems able to cure 
intractable cases or cases which are resisting the antimony treatment.” 

'Fhe author, while discussing with the Director of the Calcutta School ol 
Tropical Medicine about the therapeutic value of urea stibamine, soon alter 
its discovery, peunted out and suggested to him the possibility of obtaining 
therapeutic aromatic antimonials fromChemisch Eabrik von Heyden,the only 
compound of that nature then available in England being stibenyl, and 
subsequently ^^471” von Heyden was introduced in this institution toi‘ the- 
treatment of kala-azar. 

Of all aromatic antimonials that have been used up to the preseni time, 
the most extensive literature has been published on urea stibamine. 'I'lie 
reports consist of cases treated by ditferent observers, and under dilierent 
conditions, and are therefore most valuable, there being no personal elemcjit 
in the choice of cases. 

A Short Reviciv of the Most linportaiit Papers on ttic Use of Urea Stibamine . — 
Urea stibamine, discovered by the writer in the course of research under 
auspices of the Indian Research P'und Association, has been given extensive 
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trials in tiic treatment of kala-azar by different observers dnrin^i; recent years. 
A review of the most important published papers on the compound and of a 
few unpublished ones is ^^iven below. 

Clicniicdl Consfi/ii/ioii (iiid ToA'iri/\\ — The constitutional formula of urea 
stibamine is XlhiCO. Xtl. SbO. OH. {Indian foiirmil of Medical 

Research y October, 1924). The XH2CO. ^^roup shows that it is allied to 
tryparsamide, an arsenic compound, upon which the future conquest of 
African sleeping sickness depends, as pointed out by Dale. Originally, it was 
considered to be urea salt of stibanilic acid. 
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The maximum tolerated dose of urea stibamine per kilo^^ramme of body 
wei^jlit is twenty-three times that of tartar emetic in the case of the .i^uinea-pi.i^. 
'riie (Hfective dose of urea stibamine in the treatment of kala-a/ar is tive-sevenths 
the tolerated dose for the ;4uinea-pi,<4, while in the case of tartar emetic, it is 
ei^ht times the tolerated dose for the same animal. Orea stibamine is 
therefore a much safer antimonial for use in the treatment of kala-a/ar than 
taitar emetic or other antimonyl tartrates. 

Viilne of I'rea Sfibaniinc in l/ie Treahnenl of /\ala-a::ar. — I. The first 
paper on the subject was published in October, i()22 (Indian Journal of 
Medical Research), in which Hrahmachari published a series of ei,^ht cases of 
kala-azar successfully ti’eated with urea stibamine. In this pajiei the toxicitv 
of tlu‘ dru^ was fully tested, which is summari/ed above. 

II. 'riu* second paper on the subject was that of Major Shoitt, I.M.S., 
S['iecial Kala-azar Otlicer, Pasteur Institute, ShillonLi, and Dr. R. T. Sen, 
published in the Indian Medical (la.eife, July, i<)23. In this paper ihev 
described a series of live cases ol kala-azar treated with urea stibamine witli 
most encoura,}4in^ results. 'They stated that its advanta.^es were : (a) d'he short 
cour>e, occupying only two to threi* weeks necessary for a complete cure ; 
(/)) the rapidity with which the symptoms of the disease disappear ; (c) the 
fact that no symptoms ol intolerance were met with in any of their cases. 

The c.ises were [larticularly severe, as the followiiyij remarks of the authors 
will show : — 

I si case. Case .*11 .ulmissi. )ii w.js \erv ill with piarkecl ci'clema of le^s and i^rcal weakness. 
2 nd ease. V'ase .mi adnn><i.*n, weak w ith u'lienia of feet, ard ease.- C'ase on admission, einaeiated, 
weak .md \er\ amende, ftli ease. e\»se on .idmission, e.Mremelv weak w ith very se\ere hroneliitis. 
I’.nasites \ erv numerous. 

III. 'fhe ne.\t paper was a second contribution by Hrahmachari, published 
in the Indian Journal of Medical Research^ October, 1923, in which he 



Trcatwinit 


1 2 \ 


recorded further observations on the treatment of kala-azar with urea 
stibamine. A scries of nine fresh cases, successfully treated, were noted 
with observations on others previously recorded. The latter had shown no 
relapse after one year after treatment was stopped, the patients beii\^ kept 
under observation for the period. 

IV. Tlie fourth paper was that of Shortt and Sen, published als(^ in the 
above issue of the I nil id n Jonnial of Maiicdl Rcs>uircJi, October, 0)23. It 
consists of records of twentyone coiisirnfhu' cases of kala-azar treated with 
urea stibamine, one of whicli was a very severe case of fulminatin'^ type with 
intense infection. All the cases were cured. 

'Fhe followin]L$ observations were made by Shortt and Sen in connection 
with their paper : (it) Tolerance to the (Irn^. Even in those patients to 
whom the largest total quantity of urea st»!>amine was exhibited no symptoms 
of intolerance appeared. The greatest qu.intity administered to any case was 
(UTr 5 grm. 'fhe re>ult was in marked c ontrast to that obtained with the 
usual antimemy salts, where, in a large percentage of cases, symptoms ol 
intolerance, in tlie form of joint pains, tS:c., appear after greater or lesser 
amounts of the particidar salt in use. (b) Antonnt of nrea stibamine and time 
reijnired for sterilization. This varied with the severity and previous duration 
of the case. Uncomplicated cases of average severity, especially if ol recent 
origin, were usually cured by 2 grm. of the preparation. Administered on 
alternate days, this represented a period of about twenty days. A few cases 
were cured more rapidly. Long standing cases and some* with veiy acute 
infections of the fulminating type took a longer period and larger total 
(juantities before sterilization was established. Several of the cases were those 
which had resisted completely treatment by sodium and potassium antimony 
tartrate, yet in no single case did the authors fail to procure sterilization by the 
use ol urea stibamine. (( ) Absence oj local irritation. Urea stibamine injected 
subcutaneously produced little, if any, local irritation. The importance ol 
this, especially in the treatment of young children, will be realized by anyone 
who had seen the results of the escape of antimony salts into the tissues, when 
intravenous administration has been attempted unsuccessfully by an unskilled 
operator, 'fins absence of local irritation raises the t|uestiou of the possible* 
use of this preparation by subcutaneous or intramuscular admiuisti ation in 
special cases. This method is now being given a trial by us, with apparently 
successful results, {d) Rapidity of action, The amelioration of physical signs 
and symptoms was more rapid than with the ordinary antimony salts. 
Reduction of the temperature, diminution in the size of the spleen, and 
generally improved condition of the blood, were more rapidly achieved. 
ic) Action in prodncin^ lencocytosis. In many of the cases urea stibamine 
had a most beneficial action in producing a rapid improvement in the total 
leucocyte count. This effect, always a favourable sign in kala-azar, was in 
many cases most marked, and wi)uld alone be a point in its favour. 
( f j Importance of Irealin^l cases as early as possible. The reasons are twofold : 
(i) Early cases were found to yield more readily and rapidly to treatment, 
and the affected tissues were able completely to recover their tone and normal 
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functions. (2) Very old standing or advanced cases might have their tissues 
and organs permanently damaged by the disease to such an extent that, even 
although sterilization as regards parasites was effected, yet their functioning 
would never be recovered and the duration of life would necessarily be 
greatly curtailed. 

The average amount of urea stibamine used per case was found to be 2*6 
grill. The average number of injections required for, and the average period 
occupied in, actual treatment with the drug were found to be twelve injections 
and thirty-two days respectively. When this is compared with the thirty 
injections and ninety days usually required for a minimum full course of 
sodium antimony tartrate, the advantages of the use of urea stibamine will 
be obvious, and the more so, as it is apparently capable of sterilizing some of 
the cases which definitely resist treatment by the usual salts of antimony. 
This latter fact was evidenced in one case which had received 653 c.c. of 1 per 
cent, solution of sodium antimony tartrate with no apparent beneiit, but was 
cured with urea stibamine after only seventeen injections. 

The authors concluded that ure.i stibamine was by far superior to any 
other antimony preparations in general use. 

V. The (ifth paper was that of Hrahmachari, published in the Indian 
/otinial of Mcdiial Rcscaicli, April, iq24, which gives a series of nine con- 
secutive cases of kala-azar rcsisfan/ to antimony tartrates cured with urea 
stibamine. 

By irfrac/ory or rosisfani cases of kala-azar were meant cases which 
resisted tieatment with 2 grin, or more of sodium or potassium antimonyl 
tartrate given intravenously in the routine form of treatment of the disease 
extending over a period of two months and a half to three months or more. 

The conclusions were : (i) The curative value of urea stibamine and its 
superiority over the antimonyl tartrates were established ; (2) refr.ictory cases 
resistant to antimonyl tartrates yielded to urea stibamine; (3) the short course 
of treatment and ihe lesser number of injections retjuired in bringing about a 
compk'te cure were striking ; (4) no relapse was met with among the cases 
that had undergone complete treatment with urea stibamine ; some of these 
were under the author's observation for nearly two years after completion of 
treatment ; (5) no relapse was met with among the resistant cases that were 
subsequently cured by urea stiliamine. Some ()f these cases were under the 
author’s observation for about a year; (6) the possibility of using urea 
stibamine intramuscularly was suggested. 

VI. 'fhe next paper on urea stibamine is that of Dr. Percy Foster, 
liadlipar Tea Fstate, showing the value of the drug in the treatment of kala- 
•iz.ir under tea garden conditions in a series of twenty cases {Indian Medical 
(lazeUe, August, 0)24). 

Ivemarks of Dr. Percy h'ostei on the progress of his cases during treatment 
witli ure«i stibamine : The rapidity of the diminution of the size of the spleen 
was most marked in a very large percentage of his cases. The manner in 
which the lever was checked after the second injection was also a point well 
illustrated in a large number of the cases. Dr. Foster further remarked that all 
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his Cciscs were siihsecj[iicntly inspected and sliowcd a marked improvement 
in ]L;eneral liealth and weight. All the cases were cured, except one which 
died. Three of the cases treated weie cases of relapse. 

VI I. Dr. Foster’s work on the use of urea slibamine was continued by 
his successor, Dr. K. I.. Haiierjee. 

Remarks of Dr. Banerjee : “ Trea slibamine is a remai kable druj^ and a 
certain cure for kala-a/ar. The ,i;Teat advantai^e of this new dru,!^ is the 
L Oitrsc of Ircdtniciif . Generally it takes three weeks to cure a patient with this 
dru^' if the injecti(ms are ,i;iven on alternate days, and i have pniclically seen 
cases beini;' cured within eii^ht days after four injections (Uily. What a 
[powerful drne[ it is as compared with other antimony preparations which take 
three to four months to cure a patient’ The cases which resist treatment 
with ordinary antimony preparations ai cured with ui ea stibamine. I have 
seen cases, which j^ot about 400 c.c. of i ner cent, solution of soil. ant. tart, 
with no effect, cured by urea stibamine wuhin three weeks, b'ever subsides 
after one or two injections and the general health improves rapidly, more so 
after the injev tions are over. My treated cases art- now enjoyini^ excellent 
health, and those who had some enlarged spk‘en at the end ol the treatnuait 
have their spleen reduced to normal size. I have not any bad effects aftei' 
urea stibamine injections. No joint pains are complained of by the patients. 
Children tolerate the drug very well, and 1 have given them in increasing 
doses from o‘o5 grm. to 0*25 grm. without any bad effects. If a little of the 
solution goes bv chance into the tissues there is no marked [)ain or bad effect, 
but only a slight inflammation is noticed which subsides within two or three 
days. I have given urea stibamine intramuscularly in the gluteal legion to a 
child without any evil effects, and the child was subseijuently cured.” 

The cases treated by Foster and Banerjee belonged to Ilantliw d'ea Kstate, 
Assam. The total number was sixty-seven. Leaving one case that was 
admitted into hospital in a moribund slate, and another, aged 35, weighing 
only 73i lb. and having lung complications before admission, the percentage 
of cures was 98 per cent., the proof of cure being negative results from spleen 
puncture and disappearance of the symptoms at the time of discharge from 
hospital and subsecpient following up of the cases after discharge from 
hospital. Of the cases treated, three required four injections, twenty-two 
between four and eight for complete cure, and the average lor all the cases 
treated was ten. 

VI II. The next paper is that of Dr. Dodds Price, Medical Officer, Solana 
Tea Estate, on cases of kala-azar showing little or no improvement with 
sodium antimonyl tartrate, subsequently cured by urea stibamine (hulidn 
Mciiiaii GazctlCy September, 1924). 

The present writer was very kindly furnished by Di-. Dodds Price with notes 
of thirty-seven such cases, the first eight having beim published. Ik^sides, 
Dr. Dodds Price sent him notes of fifteen other cases with the following 
remarks: ^'All these were taken in the cavly stages of the disease, and the 
I'esults have been unilormly successful, and no case has recpiired more than 
ten injections, the average working out at seven.” 
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IX. The next paper is that of Brahmachari on the value of urea stibamine 
in the treatment of early kala-azar, published in the Indian Journal of Medical 
Research y October, 1924. 
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Brahmachari concluded as follows : l!rea stibamine cuts short the 

course of kala-a/ar to a remarkable decree, if administered in its early stages. 
'The same conclusions have been arrived at from observations made by 
different observers in different places. Its benelici.il effects in its early sta^Ljes 
are noteworthy. 

“It is evident from an economic point of view and in the interests of the 
miserable sufferers, that the use of urea stibamine in the early stai’cs of the 
disease cannot be over-emphasized.” 

X. 'fhe next paper is that of Dr. Michael, Medical Ofheer, A^^ricultural 
Uesearch Institute, Ihisa, j)ublishetl in the last edition of the author’s Kala- 
AZAK AND ITS 'rKEATMENT 

Dr. Michael concluded as follows: (1) The most important action of urea 
stibamine .appears to be the ra[>idity with which it checks the toxamha of 
kala-a/ar, as evidenced by rapid reduction of fever. 'Fliis opens out ]L»re.it 
possibilities in the treatment of the disease with urea stibamine in its early 
stages, the advantaj^es to be i^ained in an epidemic, for instance, bein^ 
immense. (2) Trea stibamine is practically non-toxic in its action and does 
not set up irritation of the vital organs. (3) It causes a much more rapid 
reduction of the spleen than t.irt.ir emetic or sodium antimonv tartrate. 
(4) 'Fhe adv.inta^es to doctoi* and patient alike of a very short course of 
injections lor cure need no comment. 

XI. 'fhe next paper on urea stibamine is a paper of Brahmachai i and 
Maity, cont. lining .1 very interestin,!^ scries of kala-az.ir cases cured with urea 
stibamine in thirty-two hours to seven days (published in the Indian Journal 
of Medical Research, April, 1925). Some of these cases had an intensive course 
of treatment consisting of multiple injections of urea stibamine during twenty- 
four hours. 
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XII. The next paper is that of Caphiin Kapur, I.M.S., Residenl Physician, 

Medical Collei^e Hospital, Calcutta, on 'Observations on the 'rreatinent ol 
Kala azar with I’rea Stibamine in the >'eoical Out-Patient Department of the 
Medical Collcj^e Hospital, Calcutta ” Medicdl b\/:r//r, vol. lx, UDS)- 

'Fhey include a sericr of cases which wc ? found to be delinitely resistant 
to treatment with antimonyl tartrate^.. 

Ohscrvaticiis. — (i) The course of treatment with urea stibamine lor bi iiii^ini; 
about cure in kala-azar is remarkably short. In some of the cases cure took 
place in only seven days. In case of antimonyl tartrates, the course ol 
treatment frequently extends to more than three months. 

(2) The averai^e number of injections required for a course ol treatment 
with urea stibamine is seven, while in the case of antimonyl tartrates it 
fret|uently amounts to thirty or more. 

(3) Tlu* beneiicial elfects obtained with urea stibamine in cases resistant to 
the antimonyl tartrates are strikin<4. 

(4) jaundice and albuminuria are no contra-indications to the lieatment 
of kala-a/ar with urea stibamine. Such c'ases are best treated with small 
doses slowly increased. 

(5) No si^ns of intolerance were observed in any of the cases. Sometimes 
a leactionary fever took place after injection which subsided after a few 
hours. 

(6) Cases in wliich si^iis of intolerance showed themselves altc‘r injection 
of sodium antimonyl tartrate bore urea stibamine very well. 

(7) The most striking’ results with urea stibamine are (") rapid disappear- 
ance of the spleen ; (h) rapid subsidence of tlie fever; (cj early disappearance 
of leucopenia; and (d) short course of treatment reciuired for a complete 
cure. 

XIII. The next paper is that of Major Shortt and Sen, bein^^ entitled, 
“ Final Report on the Tse of Frea Stibamine in Kala-Azar,” published in the 
ludiati foiinial of Medical I^cscan h^ October, 1924. 

The followiiiji^ conclusions are quoted from that paper: “ We consider 
that the value of urea stibamine has been established as the most eriicient 
dru^4 at present in use for the treatment of Indian kala-azar. The conclusion 
is based not only on a series of cases of which we have published the details, 
but in addition on experience gained in many other cases, both Indian and 
P^uropean, which have passed through our hands or which have been treated 
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with urea stibamine under (Uir direction, a number totalliiif^ nearly one hundred 
cases.” 

XIV. 'Fhc next paper is that of Colonel Greig, Director, Pasteur Institute, 
Shillong and S. Kundu, published in the Indian Journal oj Medical Research, 
April, 1925. It gives the records of lifty-one cases cured by urea stibamine 
with complete sterilization of the internal organs. 

XV. The next paper is that of Kundu, published in the December issue 
of the Indian Medical (iazcltc, 1925. It shows the value of intramuscular 
injection of urea stibamine in the tieatment of kala-azar. 

XVI. The stability of urea stibamine. Major Shortt, Director of Kala- 
azar Commission, has observed that urea stibamine stored in sealed ampoules 
f(jr six months without any other precautions showed no deterioration or 
other change either in physical characti r or therapeutic properties. 

A paper on the toxicity and therapeutic value of old samples of urea stiba- 
mine, by Hrahmachari and Maity, has been published in the Indian /onrnal 
()/■ ;Uo//d///f (September) and Cah nlUt J/^vZ/o/Z /o///'//«/ (August), 1926. I'liey 
conclude as follows : “ Urea stibamine has been found to remain perfectly 
stable up to the time of our observation, i.e., January, 1926, after having been 
preserved in sealed ampoules since 1922 under ordinary C(.)nditions in Calcutta 
and elsewhere without any deterioration, i.e., four years after the samples had 
been preserved. The therapeutic properties of these old samples remain fully 
intact and these have been used in the treatment of kala-azar without any 
untoward results, 'fhere is no difference in toxicity between old and new 
samples of urea stibamine.” 

Method of Adniinislralion — /Josaji^c — / /nliealions and Contra-indications — 
Adrantai^es. 

Rrefaration of Sot nt ion and Mode of .hlniinistration . — It should be used 
intiMvenously dissolved in cold sterile watei . Tiie solution should iHjt be 
boiled. For making the solution dissolve 0*05 grm. and i grin, in t c.c. of 
water, 0*15 grm. and 0*2 grm. in 2 c.c. of watei'. Always use a fresh solution. 

Dosai^c. — It is always desirable to start the treatment as soon as diagnosis 
of kala-azar is made, as the cMses treated in the early stages of the disease 
frequently show the speediest recovery. 

For adults, begin with 0*05 grm. and increase by 0*05 till the dose reaches 
0*2 grm., which is generally the highest dose. Any one of the doses may be 
repeated, according to the discretion of the physici.in, bi‘fore proceeding to 
the next higher dose. (Some observeis begin the treatment of the disease 
with 0*15 grm. or 0 2 grm. with satisfactory results.) Generally, the injections 
are given twice a week, though more frequent injections also may be 
given. 'File injections should be continued till the symptoms of the disease 
disappear. 

For children about 5 years of age, begin with half th.c initial dose for 
adults, i.e., 0’025 grm. and increase up to 0*05 grm. or o*t grm. Any one of 
the doses may be repeated, according to the discretion of the physician, before 
proceeding to the next higher dose. 

For children about 1 ye.ir of age, begin with onc-hfth the initial dose for 
adults and increase up to 0*025 grm. (^r 0*05 grm. 
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Indicalions and Contra-indications, — (i) Urea slibainine is indicated in all 
cases of kala-azar. It has been used in cases complicated with bronchitis or 
dysentery without any untoward results. In cases of leishmama dysentery it 
cures the condition. If, however, dysentery develops during treatment, then 
it is desirable to stop the injection for a time or give it in smaller doses. 
(2) In cases with marked nepliritis and tcdema, begin with smaller doses. If 
the cedema increases, give the doses at longer ntervals than before. (3) Very 
advanced cases should be treated, beginning v ith small doses which should be 
slowly increased. 

Advantai^cs of Treatment \eitli i^rea S famine, — (i) The short course 
occupying only two to three weeks for a e- n-plete cure. (2) 'rhe appearance of 
early and marked leucocytosis, rapid disaj>pearanee of the fe-ver, of splenic and 
hepatic enlargements and of aiuemia, (cdeio t and cachexia, in fact, of all the 
symptoms of the disease, and reversi.'ii to normal slate of health. (3) The 
absence of symptoms of intolerance after its administration. (4) It is most 
valuable in the treatment of relapses, or in the cases resistant to sodium 
antimonyl tai irate or tartar emetic. (5) Observations have shown that early 
cases arc cured after four or live injections, and sometimes even after fewer 
injections. 

In a scries of twenty-eight successive eases in the wards of the Calcutta 
Medical College Hospitals, under the different phvsicians, the temperature came 
down to normal in fourteen after the first injection of urea stibamine, in six 
after the second injection and in six after the third injection, i.e., in 50 ikm' cent, 
of the cases the temperature came down to normal after the first injection. 

In a combined series of 194 successive cases observed by the different 
physicians in the indoor and outdoor departments in the above hospit.ils, 
and by Shortt and Sen, as well as by (jreig and Kundu, in the Kalai-a/ar 
Research Hospital at the Pasteur Institute, Shillong, the total average 
amount of urea stibamine rccjuired for (ure was 171 grm. 'fins includes 
the average actual amount of urea stibamine used, the average sterilizing 
dose as estimated by blood-culture being less than this. 

In the same series as above, the average number of injections per patient 
required for cure was 8*25, and the average number of days was i6’0. 

As already noted, cases of cure with much smaller aiiiouiits of urea 
stibamine and with much fewer injections and in much shoiter periods, 
have been observed, as will be seen from the following table : - 

Tablk sji(nvjN<; a Xu.mhkr or Casks (ojkkd i;v kkss j man n\K i;kammk ok Ukka Sijuamink. 


Duration ol illness 
in days j 

Ainuuiil .linn, after 
wliicl] eiill. ne.ii. 
rotal amount ^rin. , 
^^nven : 

l^criod of treatment 
in days 


Cal. Med. ( oil. Uospilal 
iS.irnardu, MeCay, .Author 


Inst., .sliillonj; 
.Shoitt, (Irei^ aiid Kiiiidii 


Author and Maity 


()0 

90 

10 

21 

21 ' 

240 

17 mills. 

1 90 
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OO 
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1 

0 7 

07 

0‘5 

07) 

0-55 
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07 
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0-95 

i 07 

0 7 

0 7 

07) 

15 

14 

10 

22 

14 

(i 

7 

i 5 

0 
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In the cases recorded above the proof of cure was based on repeated 
blood-cultures and keeping the patient under observation, which in sonic 
cases in the Calcutta Medical College Hospitals extended from three to five 
months after completion of treatment. 

In a combined series of 325 published cases, 98*47 per cent, of the cases 
were cured. Cue of the cases died of extreme asthenia, being admitted at the 
age of 65 ill a moribund condition. In 298 of these cases, proof of cure 
was microscopic and cultural examinations and disappearance of symptoms, 
<uul in twenty-seven cases proof of cure was clinical disappearance of the 
symptoms and subsequent observation of the cases. One case was resistant. 

Other Aromatic therapeutic Autimoniats. 

Stihamiiie is the name given by the author to p-amino-ph(myl-stibinate 
ol sodium (/ourii. Trop. Mai, 1921). It is the antimonv analogue of 

p-amino-phenvl-arsenate of sodium ( - atoxyl or soamin). It has been pre- 
pared in the author’s research laboratory. 4'he pure compound is fairly 
stalile and its solution is neutral. 'I'he author wa< the first to intioduce the 
compound 111 the treatment of kala-a/.ar, and repoited a few cases showing 
its curative value. One easi* was cured with 1*2 grin, ot the compound. 
It is slightly more toxic than urea stibamine. 

Metaehlor-aeelyl-p (I mi uo-stibiuitte of sodium was [irepared in the author’s 
research laboratory and was named by him chloro-stibacetin. It has l)een 
supplied by von Heyden under name of von lleyden ^‘471,” and subsequentlv 
under the name ol stiliosaii. I'he total average amount required for cure 
with chloro-stibacetin was 2*73 grin., and the average number of injections was 
fifteen. Xapier seems to be the only observer who has given an extensive 
trial to the compound. In his series the average number of injections for 
cure was 13 3, and mean number of injections prioi- to the cessation of fever 
was 5*6, and the mean total dose was 278 grm., and the death-rate in his series 
was io*() per cent. In thirteen cases treated with the compound by Greig and 
Kundu, the average amount required for cure was 2*0 grm. and the percentage 
ol uncured cases was lilteeii, one case proving resistant. 

Stihii^lyeiiie-iiuuile is the name given by the author to X-phenyl-glvcine- 
amide-p*slibiiiat(* of sodium. The author has published records of his 
iibsei vations on eight c.ises showing the value of this Lamipound in the 
treatment ol kalaazar, all the cases being ouvod {I udiau Joiiruat opMediciiie 
and Oaleutla Medieat fouriial, |une, 1926). 

The (ilueose Compounds. — It has been observed by the author that stibamine, 
urea stibamine, and other allied compounds have the propertv of combining 
with glucose in molecular proportion. Weight for weight the resulting com- 
pound lor urea stibamine is weaker in its therapeutic properties in proportion 
to its antimony content. Cilucose stibamine has been pretiared in the author s 
research laboratory liy the combination ot glucose with stibamine in molecular 
proportions. It has been put on the market under the name of neostam 
(H. W.andCo.). In N.ipier s series ol eleven cases treated with neostam, the mean 
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number of injections \v;is 13-8 and the mean total dose was 2*58 ; the mean 
mimber of injections prior to tlie cessation of fever was 5-4. There was one 
death in this series of eleven cases. Grei^ and Kiindii tried this compound 
in two cases only, and therefore no conclusion can oe di awn from these two 
cases. 

Para-amino-phenyl-stibinic acid in combination with urea ;nul glucose. 
In Napier’s series of fifty-two cases treated with p-' inino-phenyl— lihinic acid 
in combination with urea and glucose, there were two deatlis and two resistant 
cases not yielding to the dru,i^. 'Phis e:i\es a percentai^e ol about ei<4ht for 
uncured cases in his series. 

A on Heyden 693 ” has been used bv * apier in the treatment of kala-azar. 

The TnERAPEunc Value or rnr: Dikfeuent Aromatic 
AN'I' I MON I A LS \I PA KK I ). 

The comparative value of the an naiic antimonials in the treatment of the 
disease depeivis upon their toxicity and therapeutic effects followin,^ tlu‘ir 
administrati(‘n. These a^^ain depend upon their chemical configuration and 
their physico-chemical properties. 

(I) Till' Aroinnfic Aii/itiioninis of Hw StihinoAyciirjrnr (iroiif. 

Antimonials of the stibino-benzene type have not yet come into use in the 
treatment of human diseases, though they hav(* been used with indefinite 
results in the case of certain diseases of animals. 

Trivalent aromatic antimonials of the type of salvarsan or neo-salvarsan 
will probably be in future the further adv’ance in the antimony treatment of 
kala-azar. 

(II) Till' Aroniolii A ii/iniomols derived from f-slilxiiiilii arid {f-iimiiio- 

pIieiiyTslihiiiii in id). 

Frankel is not justified in stating that chan^^es in the molecular structuie 
of antimony compounds do not brin^ about an increase of their therapeutic 
properties. Urea stibamine is just as useful in the tr(.*atment of kala-azar as 
atoxyl in diseases for which it has been recommended. Takinj^ the published 
cases of different observers, under different conditions and in dillerent [)laces, 
it is obvious that of all the aromatic antimonials, the most extended trial has 
been ^iven to urea stibamine. On the other hand, observations up(m the 
other aromatic antimonials are mostly limited to observations ot sin^^le 
individuals. 

It will be seen from the above that urea stibamine is the most powerful ol 
all the aromatic antimonials so far used in the treatment of kaki-azar. Re^^ard- 
ing stibamine and N-phenyl'glycine-amide-p-stibinate of sodium, no coinpaiU 
son can be made at present with the other aromatic antimonials, as neither of 
them has yet been given an extended trial in the treatment of the disease. 

On theoretical grounds, N-phenyl-glycine-amide-p-stibinate of sodium, or 
stib-glycine-amide as the author has named it, should be of very marked 
therapeutic value, as it contains the group Xll^COand is allied to tryparsamide. 
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Napier’s observations lead to the conclusion that the chloro-stib-acetin 
(= stibosan, von Heyden) is weaker in its therapeutic effects when compared 
with urea stibamine. 

The therapeutic value of the ^^hicose compounds as compared with the 
compounds from which they are derived is proportional to their antimony 
content, and the same conclusion is arrived at on theoretical considerations. 

The aiitlior has not yet tested the value of von Heyden “693.’' It is stated 
to be p-amino-phenyl-stibinic acid in combination with an amine, but this 
^L(ives no idea about its chemical composition. 

'I'he antimony content of some of the aromatic anlimonials is ^iven 
below 

Slih;m>iiK- ... ... ... ... ... ... 42'1() per cciil. 

rrc;i slil^amiiu- ... ... ... ... .V)‘>5 

C'hlnr<»-slib-:iccliii 1= sliliosan, llcvdeii “471 ”) ... 

( iliu'osc-stil'^amine ... ... ... ... ... 25S 

(iliicdsc-iirea stibamine ... ... ... ... 23 S 

.N-pbeiis l-;.ilycilR‘-alni(lc-p-^titlinatc• ol sodium ... ... 2‘)’3 

It may be staled that, ^^enerally spcakin^^ the therapeutic value of the 
aromatic antimonials derived from p-amino-phenyl-stibinic acid is propor- 
tional to their antimony content. 

As stated before, urea stibamine has be(‘n observed to manifest no deteriora- 
tion or other chan^^*s, either in physical and chemical characters or in 
therapeutic properties, if l;ept in sealed ampoules under ordinary conditions. 
It has been claimed that antimony compounds which can be stored in 
ordinary stoppered bottles and weif^hed out when required are the most useful 
foi general purposes. In the author’s tipinion such compounds must have 
more oi* less the same stability as the antimonates and, therefore, there is less 
chance of the production of the reactive — Sb = () in the tissues after their 
administi alion which, the author considers, is responsible for the benelicial 
results following the administration of an antimony compound. This 
e.xplains why antimonates in which antimony exists in the pentavalcnt form 
are of veiy little value in therapeutics, as they are very stable and tpiickly 
excreted unchanged after this administration. The same fact also holds 
i^ood in the case of arsenic, 

Asre^.irds toxicity, t*‘c author has observed that the toxicity of compounds 
obtained from [)ara-stibanilic acid is proportional to their antimony content. 
His observations are different from those of N.ipier, who found urea stibamine 
and its i;lucose dei ivative equally toxic. This latter observation is somewhat 
sij^nificant, as this would mean that the antimony content ol urea stibamine 
is one half times less toxic than its ^i^lucose derivative. 

COMl»ARISON OK TIIK THKKAl'KrTIC VALITK OK THK VARIOUS ANTIMONIAL 
PRKUAKAIIONS AND TIIK MODKS OK ADMINISTRATION IN THK TREAT- 
MENT OK KALA-AZAR. 

Until recently the antimonvl tartrates were most commonly used in the 
treatment of kala-azar. Since the introduction of urea stibamine by the 
writer, the antimonyl tartrates are beins^ quickly replaced by this new com- 
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pound. As stated before, its advanta<^es include the short course of treatment, 
occupying only two or three weeks or less for a complete cure in manv cases, 
and the rapidity with which the symptoms of the disease disappear. Cases 
that resist tartar emetic or sodium antimonyl tartrate quickly yield to treat- 
ment with urea stibamine. 

Antimonious oxide suspended in solution of su^ar and <411111 arabic, or in 
30 per cent, emulsion in oil (trixidine), has been found to be of therapeutic 
value in the treatment of trypanosome-infected experimcMital animals. Yorke 
and Blackmore have also used trixidine iu oily susj'ensii>n intramuscularlv 
with beneficial results. Kolle, Hartoch, Riithermuiult and Schiiiniann 
consider that the formation of a dept'sit of an insoluble slowly absorbable 
compound of antimony, such as antimony trioxide, acts prophvlactically 
against trypanosome infection. The 1 rincipte of the employment of insoluble 
organic compounds of antimony, ciilier in ointment form or through the 
formation of intramuscular depots, con titutes what the authors desigiiate 
tJicrapia mite ntnuis, as contrasted with Iherapiii maj^iia sterilaiis. J\h)gers 
used it in kala-a/.ar. In the author’s experience it is weak in its therapeutic 
properties in kala-a/ar. It may perhaps be used in kala-a/.ar in resistant cases, 
along with intravenous medication, and evidently an intramuscular injection 
of such a compound is likelv to be more useful than substances of the nature 
of T.C.C.O. 

Plimmer and Bateman opened up a new vista when they showed that anti- 
mony in metallic form was more effective in trypanosomiasis than its soluble 
salts. The metal can be prepared in a state of very fine subdivision. It was 
first used intramuscularly in various media, such as Lambkin’s medium. The 
intramuscular injection is very painful. It was subsecjiiently recommended to 
be given intravenously, and the results obtained surpassed in its tlierapeutic 
effects anv of the preparations of antimony that were used before. I\,mken 
found that it never gave rise to any blocking of the capillaries, being c|iuckly 
absorbed by the leucocytes. 

The author’s observations have proved the superiority of metallic antimony 
over the antimonyl tartrates. In some cases in which the soluble salts, such 
as potassium antimonyl tartrate and sodium antimonyl tartrate, did not show 
any improvement in the blood condition or the temperature ol the patient 
after several injections, metallic antimony brought about complete cure. 
Such cases belong to the refractory types of the disease, hut are not 
uncommonly met with. 

In addition, the number of injections recjuired for a course of treatment 
with metallic antimony is much smaller than those of the tartrates, 'riiree 
or four injections frequently cure the patient, though in one or two cases 
the injections gicen were as many as eight or nine. Kvc*n then the number 
of injections is less than what is generally required in the case of the 
antimonyl tartrates. 

The only objection is, no doubt, the complicated technique of the 
operation of injection, which is a serious obstacle to mass treatment of the 
disease. 
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In previous works on kala-azar ilie author held the view that metallic 
antimony was the most powerful of all the leishmanocides, and there is no 
doubt that this was so till his introduction ot the aromatic antimonials in the 
treatment of kala-azar. His present view is that, apart from the complicated 
method of its administration, it is one of the most powerful dru^s in the 
treatment of kala-azar. It sliould be tried in those resistant cases in which 
other antimonials may fail. 

In studying trypanosomiasis, Khrlich thought that the trypanosomes 
assimilated the orj^anic derivatives ol arsenic only when the arsenic was 
present in the trivalent and not in the pentavalent form. Similarly, the 
experiments of Kolle, Hartoch, Hothermundt and Schiirmann have shown 
that compounds containing pentavalent antimony were not organotropic, 
except in lar^e di)ses, and were at the same time slightly parasitotropic. 
Preparations containing trivalent antimony were, as a rule, exceedin^^ly toxic 
to the or^^anism, and at the same time it was also shown by these observers 
that for antimony compounds, soluble or insoluble, organic or inorganic, to 
be of therapeutic value in trypanosomiasis, antimony must be in the trivalent 
form. 

The more recent researches of the author and others that have followed 
him have, however, proved that the aromatic pentavalent antimonials are 
much more potent in the treatment of kala-azar than the trivalent antimonyl 
tai trates. 

As stated before, antimonials of the stibino-benzene type have not yet 
come inlouse in the treatment of human diseases, and that trivalent aromatic 
antimonials of this type will probably be in future the next advance in the 
antimony treatment of kala-azai, 

Hy studyinj4 the excretion of antimony in man after intravenous injection 
of the aromatic antimonials of the type of urea stibamine, and also of the 
antimonyl tartrates, the author has been able to explain the superiority of the 
formei- over the latter. He has observed that in the case of tartar emetic 
the curve of excretion is one slowly converj^ins^ to tlie base line. 'Fhe 
followin^^ extracts are made from his paper in the Indian /onnnd c/ Medical 
January, 1924: “ Py studyini^ the excretion of antimony we have 
come to the conclusion that antimonials of the type ol urea stibamine are 
converted within the body into trivalent oxide of antimony, similar to wliat 
happens in the c.ise of or^<mic pentavalent arscnicals, before tliey are capable 
of exhibitin;^ oia.:;auotropic and [Parasitotropic pro[perties. This mav be 
illustrated L»raphicallv in the followinij[ wav : — 

/-on 

O -> K.SI) 0 
\OR> 

“ It is possible that vSb () is more reactive and more powerful in its 
parasiticidal properties when an organic antimonial is changed within tlie 
body intt> one containin.Lj it than when it exists in the .mtimonyl tartrates. 
We may for the present assume that tlie parasiticidal properties of antimony 
compounds depend upon the radical - Sb C), similar t(P what e.xists 
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in the case of arsenicals, in which the parasiticidal properties depend upon 
' As ~ O.'' The amount of antimony excreted in the urine during the lirst 
twenty-four hours after intravenous injection of tartar emetic is about 6 per 
cent, of tlie amount injected. 'fhe amount of antimony excreted in the 
urine during the (iist twenty four hours after intravenous injection of urea 
stibamine is 30 to 40 per cent, of the amount injected. 'Tlie excielion of 
antimony after intravenous injection of a penlavalent organic anlimonial 
f(dlows a curve, the first portion of which, representing tlie excretion during 
llie first twenty-four hours, is abrupt, and the second portion follows a course 
similar to that found in the case of tartar emetic. It is probable that a penta- 
valent organic antimonial is converted iti the body into a tiivalent antimonial, 
and that as long as it exists in the body in the pentavalent form its rate 
of excretion is much t] nicker than win n it is converted into tlie trivaleut 
form. During the latter stage the Ciirve of excretion is similar to that of 
tartar emetic, in wliieli antimony exists n the trivaleut form. Since a great 
portion of antimony present in a.i aromatic pentavalent antimonial (urea 
stibamine) is quickly eliminated, the cliauces of toxic action of the compound 
are mucli less th.in that of an antimonyl tartrate. In the process of con- 
version of an aromatic pentavalent antimonial in the body into a compound 
containing trivaleut antimony, a reactive Sb () is lormed, which is 
probably responsible for the remarkably beneficial results obsiu'ved in the 
treatment of leishmaniasis by the use of urea stibamine. Idu* low toxicity 
of urea stibamine, the fact that no intolerance towards tlu‘ drug is likely 
to take place on account of the quick elimination of a large proportion of it, 
the fact that it is perhaps converted in the body into a trivaleut antimonial 
containing a reactive — Sb () radical, and the fact that its therapeutic value 
is very great, make urea stibamine the best of all the antimonial compounds 
that have so far been discovered for the treatment ot leishmaniasis and other 
diseases in which antimony is indicated. 

As has been proved before, clinically speaking the same conclusion has 
also been arrived at. We would close the chapter by t|uoting the lemarks 
of Shortt and Sen, which they made in 1925 : “ We consider that the value 
of urea stibamine has been established as the most ellicient drug at present 
in use in the treatment of Indian kala-a/.ar.” d'his statement, according to the 
present writer, remains equallv true to-day. To this may be added the 
remarks of Dodds Price: “I am of opinion tliat urea stibamine is a most 
valuable remedy in the resistant types of the disease, and 1 strongly urge that 
it should be resorted to if, after a few injections of sodium antimony tai trate, 
a patient does not show marked improvement.'’ The author would only add 
that metallic antimony should be resen ted to in those very lew cases which 
may be resistant to urea stibamine, and which perhaps do not go beyond 3 per 
1,000, or less. 

Up to now the intravenous method of administration is the most ellective 
form of treatment. The late Sir Patrick Manson once wrote to me as 
follows: “Go on in your efforts to get an antimony com|n)und that can 
be used as an intramuscular injection, or, better still, as a drug that can be 
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:idinini\tcrccl by the mouth.*’ The therapeutic value ot au antimouial depeuds 
upon its concentration in the tissues alter administration. Unfortunately, 
ordinary antimonials cannot be administered orally, intramuscularly, or per 
rectum, in such doses as t(^ brin,i»' about this concentration, without at die 
same time .^ivini;' rise to local distressing symptoms. The new and no-anti- 
mony 1 tai ti ates containing radicals, possessing aiit'cslhetic properti< s, and to 
which the author lias already referred, may be worth trial bv these routes. 
( )intment of metallic antimony in a state of linest subdivision may be more 
easily absorbed and less irritating than that nvide with ordinarv metallie 
antimonv. 

‘'HAYKR 2 15." 

In a tew cases Bayer 203 ‘ ha- 1-tan used bv the author, but the 
results have been nnsalislactory. Otlu /s, 'vilh the e.vception of ^^)rke aiul 
Ai'coleo, ha\’e had the same experience, ’^'oike reports one c*ase which was 
apparently benelited by this eompou. d. 

lUSMlTTII. 

In a limited number (/f cases the author has used bismuth compounds 
in the treatment of the disease. Soluble bismuth tartrate, bismuth in tlu* 
form of juecipitated metallic bismuth suspended in isotonic salt solution 
(neo-trepol), or tartro-bismuthate of potassium and sodium (lrc‘pol) may be 
emplcjyed for the purpose. 'Idle dose of soluble bismuth tartrate is i e.e. to 
10 c.c. of a I per cent, acjueous solution given twice a week as an intravenous 
injection. In a few cases the patient made a complete recovery. It is as 
yet too ('al ly to compare the relative curative* values of antimony and bismuth 
in the treatment of kala-a/ar. 

k'ig. 34 shows the temperature chart of a patient eurc'd with intravenous 
injections of bismuth. 


Ancillary Tr katmknt. 

In additicjii to speeihe tre.itment with antimony, symptomatic treatment 
ft)r complications has to be given when required (see Chapter on treat- 
ment of Complications). Generally speaking, no ancillary tieatment is 
nowadays needed. In some* cases in which the leucocytes do not increase 
with proper rapidity, the various leiicoeyte-increasing methods of treatment 
mav be adopted, but generally they are of no avail. A short account of the 
methods that were adopted in the pre-antimony days is givx*n by the author. 

Attempts have been made from time to time to treat the disease by local 
irritation with the idea of bringing about leucocytosis. The use of blisters 
over the spleen, or the introduction of a seton into the muscl(,*s of the arms or 
the legs, was advocated l(3ng ago in the treatment ot enlargement ol the 
spleen. In some cases the use of the seton was followed by a septic infection 
with an excessive pus formation, resulting in apparent diminution of the 
spleen and amelioration of the symptoms or complete cure ot the disease. In 
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other cases, the treatment was not followed by any j^jood results, Tn some 
places the patients used to insert a scton consisting of a piece of dirty string 
through a loop of skin (jver the spleen, thus keeping up a constant irritation 
(u- suppuration. In Bengal, sometimes, a piece of dirty wood is inserted into 
the muscles of the arm or leg or over the splenic region. Sometimes the 
skin is scarified over the spleen and the leaf of a tree of the ficus order rubbed 
in, followed by the application of a powder made by burning the core of 
the jack fruit. 

Muir states that injection ol turpentine increases the ])olvnuclear 
leucocytes of the blood. He advocates a solution of one part of turpentine, 
camphor and creosote, and two hall-parts of olive oil (T.C.C.O.), live to lifteen 
minims ot which are injected into the muscles on both sides of the bodv, the 
latissimus dorsi or gluteus being most suitable. 

These injections are very painful and are not always followed by leiico- 
cytosis, and do not seem to inlluence the course of the disease. Sometimes 
blisters have been caused over the splenic region by the application of liq. 
epispasticns, and ulcers produced thei eby have been kept up by application of 
ling, sabime. Sometimes, again, alter cutting into the skin and subcutaneous 
tissue, aseptic glass balls have been introduced into the tads ; the deep ulceis 
produced theit*by have been kept up by the reteidion of these balls. Though 
it has bet!n jiossible to biing about a temporary leucocytosis, the effect is 
never pei inanent and the ulcers tend to heal up. 'The elfects, on tin* whole, 
are unsatisfactory. The author has never seen a single case cured simplv bv the 
injection of turpentine. 

In cases ol experimental trypanosomiasis Ciuca has obtained better results 
by the combination of ato.xyl with production of abscess of li.xation bv 
injecting 0*5 to i c.c. ol essence of teii‘bene as high as j'lossible on the external 
surlace of the thigh in cases of i*xperimental trypanosomiasis, than with 
atoxyl alone. He thinks that the abscess of lix.dion produces trvpanotoxvl 
more ijuicklv and elVicii-ntlv. 

It h as been claimed that in cases which luive hard fibrous spleen, one or 
two injections ol 'T.C^C.O. will bring about a c'onsidei ,ible soltening and 
diminution in the si/e ol the spleen. This, however, h.is nevi*r been observed 
by the author, and it is dilticult to understand how the fibrous tissue of 
a fibrous spleen can be soltened by its administiation. As stated before, it 
may Ih‘ advantageous to give an injection of trixitiine in some cases to try to 
bring about inllauimatory leucocvtosis, and to combine with it the benelici.il 
eliccts ot antimony. 

.\ttempts were made by the author to bring about leucocytosis in kala- 
a/ar by oral, subcutaneous or intravenous administration of hctol. No per- 
manent leucocvtosis has been obtained by this method. In some cases a 
tempor.iry increase t)l leucocytes was obtained, but this quickly disappeared. 
Ill one case the patient was given more than 100 injections of hctol. 

In one case the patient was given 25 injections of nuclein in 20-minim 
doses on suceessive d.iys, but no improvement followed in the leucoevte count 
ol the blood. In another case the patient was treated with liett)! fgr. iij) and 
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nuclein (i 111 u inis xx) <fivcn intravenously on alternate clays for nearly two 
months, 'fhere was sli<^ht improvement in the general condition of the 
patient and apyrexia existed for some time. Yeast has been tried internally 
without any benefit. 

Ro^^ers used o*i to 0*4 i^rm. of sodium nucleate subcutaneousb'. The 
effect on the leucocytes was very disappointini^, frec|uently no incre.ise of the 
leucocytes takinj^ place, while in no case did any slij^ht rise which ensued 
persist for any lenj^th of time. Phylacoj^ens liave been tried by Rollers as 
well as by the author witliout any iL^ood results. 

r.eucocyte extract h.is not yet been used for briiii^ing about kaicocytosis 
in kalauizar, and may be probably worth a trial to brini^ about increase of 
Icaicocytes. Leucoevte extract w’as tried in trypanosomiasis by Akxandc'r. 
'fhis w’as prepared by injectiiii^ Mellin s food into the pleural cavities of rabbits. 
1'he rabbits were killed and the accumulation of leucocytes was taken from 
the pleural cavities and extiMcted witli sterilized distilled waiter. One in- 
jection produced a vi-ry ,e;reat increase of leucocytes in the blood on the 
follow’iiy^ (^'ly. Infantile kala-a/ar was treated by Nicolk- and C'assnto bv 
luMUophise (extract of red corpuscles) in doses of 4 c.c. aloui^ with aloxyl. 
riiere wms a ,J4ieat improvement in the general condition, but the patient 
subsequently died durin;4 a violent attack of dyspme.i. These methods of 
treatment have not been tried in Indian kala-a/.ir. 

In a few’ cases Coley’s tliiid w’as used by the author. fhere was sli^^hl 
increcise of the kaicocytes in some cases, but the effect w’as not permanent. 

Rollers made an extensive use of vaccines in the treatment of kala-azar. 
A number of cases W’ere treated by repeated subcutaneous injections of dead 
staphylococci. In almost all of them there was maiked incieasc ol the 
leuc(K'ytes. 'khe improvement W’.is temporary in nature, and a time came 
when the* injections of the vaccine failed to furlher increase the leucocytes oi' 
improve the general condition. Rollers further tried subcutaneous and 
intravenous injections of sensitized Iivinj4 staphylococeus vaccine, and 
cl. limed to have obtained satisfactory results by combinin.ei them with sjdeen 
tabloids and alkalies. 

Hassett-Smith described a case of kala az.ir treated with some benefit with 
intramuscular injection of soamin (3 to 5 ;4r.) twace a w’i‘ek, to^etlu*r with some 
injections of an auto^eiK^us vaccine prepared from cultures of the patient's 
own flai^ellates. 

Row' 140I favourable results in the .allied disease of orieidal sore by injection 
of a vaccine deiived from cultures of the Lris/midiiia of oriental sore. 

The hi^h fever m.iy be tre.ited with b.iths, and an.emia by injections of 
soamin or sodium cacodylate. Aloiij^ wa’th this, iron may be administered, 
(jcncrally spe.iking, tiie an.emia disappears during tre.atment with antimony. 

According to observations made in India, the effects that may follow a 
change of climati* without any specific treatment are slight, and only .a very 
few' cases .are benetited by this. In Italy (j.abbi .also tried the effect of cures 
in the mountains. In a few' c.ases of infantile kala-azar the blood improved 
and the fever subsided. The improvement, however, w’asonly temporary. 
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SYMPTOMATIC TRKATMKXT AND TRKATMExNT OK COMPLICATIONS 

/M'.sr///6’; v.- Dysenteric symptoms closely «illied to those of true dysentery 
may appear diirinj^ the course of kala-azar. Such cases of Lcislnnniiid 
dysentery should l)e treated witli antimony. In many cases, however, 
dysentery appears as a terminal infection, bein^ generally of the bacillary 
variety, although sometimes amcebic dysentery may complicate the disease. 
In iiKist cases dysentery contra-indicates treatment with antimony, and it is 
dillicult to make out whether the dysentery is due to Lcislniniiiiii or not. 
Hacillary cases frequently terminate fatally. Se[)tic dysentery is almost 
always hital. Cases which are of the amccl)ic variety should be treated with 
emetine. Such cases are rare, and emetine fretpiently fails. In some cases 
leclal injection of argyrol (lo per cent.) alter irrigation of the reetum with 
normal saline or boric acid lotion may be helpful. Dover’s powder with pulv. 
creti'e aromaticus and tannigen may also be tried. Salol or benzonaphthol 
or dimol may also be ti ied. 'I'he diet should be most carefully regulated in 
cases complicated by dysentery. 

Scplic — Cancrum oris is a frequent terminal complication of 

the disease. In some cases antimonial treatment leads very cpiickly to a cure 
of the cancrum oris. In other cases the treatment does not seem to Milluence 
the course of the disease and the patient dies, in spite of the antimonial 
trc‘alment. For local treatment of cancrum ori^, the fiart should be swabb(.*d 
with a mixtui'e of trichloracetic acid and glycerine (i in tS). Cotton-wool 
soaked with the above may be kept in contact with the alfected ]>art and 
i-hanged every twelve hours, in this way the slough may separate. In some 
cases the parts have been soaked with colloidal silver with good results, 
(largles, consisting of eusol or other antiseptics, such as electrolytic chlorine, 
llavin, aeriHavin or dichloramin may be used. Iriig.ition with lysol and 
keeping the part constantly soaketl with the same give satisfactory results. 
An autogenous vaccine may be used, but generally vaccines have not been 
found useful in the treatment of cancrum oris in kala azar. 

The occurrence of a delinite leucocytosis is a hopeful sign. Xe.irly all 
those p.itients in which it does iu)t occur do not recover. 

Other septic conditions, such as mastoid abscesses, otitis media, deep- 
se.ited .ibscessc’s, iXc., should be treated according to general principles. For 
the treatment of Hrighl’s disease, pneumonia or phthisis complicating kala- 
azar, books oil systematic medicine should be consiiltetl. 

Hicmorrhages should be treated with calcium lactate or the other 
luemostatics. 

Ankylostomiasis should be treated with thvmol, /:^-naj’)hthol, oil of cheno- 
podium or carbon tetr.ichloride. 

Persistent anamiia should be treated with iron and arsenic compounds, such 
as soamin or sodium cacodylate. Intramuscular injection of blood or a 
blood transfusion is sometimes found benelicial. In many cases in which 
there is amemia and cedema with a dikited heart, the following mi.xture is 
recommended 
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K 'IV. fcrri perch lor. 
Liq. amnion, acetatis 
Tr. (lii^italis 
Acid, phosphoric, dil. 
(ilyecrine ... 

Water 


For a (lose, 


to he 


i^iven t 


nice a day. 


10 min. (0*5 i^rm.) 

1 (Inn. (3’0 .urm.) 

S min. (0‘2S j;rm.) 
10 min. 10‘5 i^rm.' 
20 min. 1 1‘0 lirin.' 

I O'/.. i3r0 .c;nn.l 


Cirrhosis of the liver, if it is due to Li'islniianir may he treated witli 
antimony injections. Ascites due to pressure of cells loaded with Lci^lniiaiiin 
may be cured by antimonial injections. 
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CHAPTER XY. 

RELAPSES AND RESISTANCE TO ANTIMONY TREATMENT. 

"I'niC possihilily of tlic existence of Jintiinony-fast Lt'is/iniaiiiii or tlieir 
(levelopnienl during (realinent with antimony has not yet been fiillv woiked 
out. In the author’s experience with tlie treatment of k;ila azar with 
antimonial prepaiations, he has met with the followiii.t; types of cases : 
(i) C:ises which cpiickly yielded to antimonial trc*atment ; (2) cases that 
rc'sisted treatment for a considerable period and slowly yielded to treatnu'nt ; 
(3) cases that seemed to be extremely or absolutely resistant ; (4) cases that <^ot 
relapses after insuflicient or improper treatment with antimony and were 
either very resistant to subsequent treatment or cpiicklv yielded to it. 

From the above, it will be seen that (Vises vaiw in their amenability to 
antimonial tieatment and that the possibility of the existence of absolutely 
antimony-resistant A<7.s7////(///h/ which may be piesent from the very be<^innin;4 
or develop durin^i; autimonial treatment has to be considered. 

I\*elapses may be divided under the followini^ heads : (j) Kk/lapses due to 
too early abandonment ol tieatment ; (2) relapses in cases which seemed to 
have been apparently cured, as shown by marked impi oveinent in the i^eneral 
condition and in the blood-picture and freedom from fever for some months, 
ddiese laltei’ are very raie. 

Lrisluihiiiiii can, theiefore. be divided into the followini^ lyjx's : (i) Those 
that are quickly and completely destroyed by antimony; (2) those that are 
more slowly destroyed by antimony ; (3) tho^e that are resistant to antimony 
from the very be^innin<4 ; (4) those that become lesist.int alter insufficient 
antimonial treatment. 

'file third type is very r.ue with the recent treatment witli urea stibamine. 
As rei^ards the ellects of tieatment on relapses, the author lias met with the 
lollowiiij^ types of cases : (I) 'fliose that are subsecjueiitly and sometimes 
(juickly benefited by further antimonial treatment; (II) those in which 
further antimonial treatment seems to be very slow in its effects. 

As re'^ards (1), the author found 01 ij^in.illy, before the discovery of urea 
stibamine, that metallic antimony was the best and the most powerful in the 
treatment ol this type of relapses. More recently he has used urea stibamine 
with remarkable success. fliis view has been conf’rmed by others. Some- 
times the substitution of a dillereiit antimony compound in place of the one 
pievioii^ly used, seems to lead to a cure and may j^ive an impression that one 
is superior to the other, 'riius the substitution of antimonyl sodium tai tr.ite 
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in place of tartar LMiictic and vice I'crsd leads to recovery in some of these 
cases of relapse. 

As ix\i;ards (II), it appears to the author that in these cast's antimony 
treatment must be siipplemcnled by a ctunbined therapy. What such a 
combined ireatmcmt should be, is dirticult to say. 

The treatment of relapses is sometimes a prolonged one, but net always so. 

The mechanism of resptmse of Leishiiiaiiia to an antimonial preparation is 
a very complicated one. While it is universaMy admitted that urea stibamine 
brinies about sterilization of an infected individual in a much shorter time 
than tartar emetic or sodium antimonyl tartrate, it is at the same time observetl 
that even with urea stibamine the time recjuiied for ?-;tei ilization is vai iable. 
In some cases, this was brou,<4ht about \\ seven or less than seven davs and in 
a lew cases in thirty-two hours. 'rh(» ii^h, in some cases, strikini^ results were 
obtained by the iii/eiisire method introdnred by Hrahmachari and Maity, yet 
there is no doubt that, apart from this, s(Mue cases are more cpiickly amenable 
to treatment llian others. What is tiu* meclianism of this variability y I'liis con- 
stitutes an in portant line of research. Is it possible that there are in existence 
different strains of LcisJiniaiiia varying in the action of antimony upon them ? 

Lev.idili has propounded a [general law with reference to all the members 
of the nitroefii family of elements occupyin.14 (Iroup V of Mendelic'H’s 
jH‘i iodic table-arsenic, antimony, vanadium, bismuth, tS:c. Tiiey or their 
compounds exhibit their parasiticidal properties only after they have been 
acted upon by the tissues. If fresh extract of liver is added to them, they 
become actively treponemicidal. 

It has been sujijyested that in the case of bismuth, the action of the cellular 
extract t^ives rise to .1 new compound, “ bismoxyl,” and it is this which 
possesses the destructive power against the Tvcf^oneaui piiliidinn. The 
substance in the extract which has tlie property of chani^inj:^ bismuth into 
bismoxyl has been termed “ bismo^ene.” 

Hisnioxyl is a l)ismutli toxalbumin in all respects similar to those arising 
from arsenic, vanadium, or antimony. 

The present author has suggested that an antimony compound, in order 
that it may be of therapeutic value, must be converted in the tissues into a 
compound containini^ the radical — Sb O in the reactive sta^e. Chemically, 
some of the bismuth compounds contain the radical -Hi C) just as some 
of the antimony compounds contain the radical - Sb — C) ; and it is very 
likely that the bismuth toxalbumin also contains the radical -Hi ^ O in the 
reac'tive stajL^e. A corresponding antimony compound which may be called 
‘Stiboxyl” is probably formed in the case of antimony. It has been 
suggested that metallic bismuth, finely subdivided, is more suitable for the 
production of bismoxyl when administered intramuscularly than in the foi in 
of a chemical compound, and the saine could have been expected of metallic 
antimonv but for the fact that when injected intramuscularly it gives rise 
to very severe local irritation, and is therefore unsuitable for intramuscular 
injection for therapeutic purposes. It has been recently (observed by Meleney 
that in kala-azaiy clasmatocyte tissue is developed as a tissue reaction, and 
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probably, as tlie present writer has sn^yested, out of llie reticulo-enclotlielial 
system. He would further hold that this reticulo-endothclial system f^ives rise 
to the production of bismoxyl or stiboxyl, as the case may be. If this were 
so, then it may be concluded that individual cases will ^et beneficial results 
from the use of antimony compounds proportional to the reaction of the 
reticulo endothelium system. Two things are necessary, namely, the develop- 
ment of the clasmatocyles and the introduction of an antimony compound 
with which they can combine for the development of stiboxyl. Herein lies 
the value of the different antimonials and the superiority of urea stibamine 
over the other antimony compounds. This also explains wliy, with the same 
antimony compound, one individual is cured much more quickly than another 
after its administration. It is the development ot the clasmatocyte cells that 
one should aim at in the treatment of the resistant cases. 

Voe^tlin and his co-workers have pointed out that arsenious oxide and its 
derivatives combine with substances containin;4 a sulphydrile ^roupin,<4, 
that the toxic action of the of;.;anic arsenoxides is depressed by the simul- 
taneous injection of excess of sulphydrile compounds. Hopkins has shown 
that one such sulphydrile ccaupound, reduced glutathione, plays an important 
part in the hydrolytic oxidation-reduction processes of the living cell. 
\^)egtlin suggests that a combination of the arsenoxides with such groups 
and conse(|uent suppression of this vital function may explain the toxic and 
curative actions of the arsenical derivatives, and that a formation by 
ti ypanosomes of the sulphydrile compound in excess of its vital need may 
be the basis of accpiired resistance of trypanosomes. The same probably 
takes place in the cases of Liislitndiiid. Investigations in these directions 
niav lead to discovery of methods of preventing the development of 
antimony-resistant Lcisluddnid, 

In resistant c.ises arsenic may anchor some of the LcisJniianid wliich may 
not be fixed by antimony alone. A combined therapy of arsenic and anti- 
mony may, perhaps, be of value in such cases, just as it is in trypanosomiasis, 
'flu* combination of substances with different points of attack in the sense of 
Khrlich’s laws of distribution of medicaments and poisons may enable us to 
piaulucc combinations of sterilizing substances which mav be of value in 
resistant cases. Whetlier the combination of thiee remedies, as has been 
suggested by Khrlich and 'rsuzuki in trypanosomiasis, or more or less than 
this number, would constitute the most potent treatment of resistant cases of 
kala-a/ar with the least toxicity, will be settled by further investigation. 

A combination of anliim)ny, arsenic and bismuth is a possibility for the 
treatment of such cases. This combination has been recommended by 
Cushny in the treatment of trypanosomiasis. 

Fortunately, under treatment witli urea stibamine, rel.ipses and resistant 
cases are very rare. In cases of relapse after treatment with the antimonyl 
tartrates, patients should be treated witli urea stibamine, and in most cases tlie 
results will be satisfactorv. 
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CHAPTER XVI. 

DERMAL LEISHMANOID. 

Syiioiiyiiis , — Dermal Leishmaniasis (l^ralimachari), ^^e‘^a\v, 1922 ; Post- 
Aiitimonial Dermal Leishmaniasis (Brahmachari), Me^aw, 1922 ; Brahma- 
chari's Dermal Leishmaniasis, Me^aw, 1922; Post-kala-azar Deimal 
Leishmaniasis, Acton and Napier, 1927. 

In February, 1922, the author read \ paper to the Asiatic Society of 
Bengal on a New Form of CutaiiLOiis Leishmaniasis which dev’eloped in a 
case of kala-azar cured by antimonial treatment, and which was subsequently 
described by him in the huUan Mcdinil Ctazcllv in April, 1922, under the 
name of Dermal Leishmanoid. Of all the names sujLJiL^ested this name seems 
to be the most convenient, on account of its simplicity, and es|)ecially in 
view of the fact that the disease is frequently recognized by the medical 
profession under this name. A number of such cases have been observed by 
tlic author and others since the disease was first described, and it seems to be 
more common than originally supposed. 

The eruiitions generally appear about a year after completion of the 
antimonial treatment of the original disease, as whitish patches on the face, 
the trunk, and the extremities, associated with papules and nodules, especially 
marked on the face and sometimes on the scrotum. In the first case, published 
in the huliau Mciiiciil (uizcUc, the blood and scrapings from the lesions were 
examined for the author by Dr. S. N. (ihose, B.icteriologist, Presidency 
(jeneral Hospital, Calcutta, and the eruptions jiresented the following 
characters (see Plate IX) : — 

(j) On tlie face there were papillomatous nodules, in some respects 
resembling small leprotic nodules. Smears from these sliowed the jiresence 
of Lcishman-Donovan bodies. 

(2) Tliere was a slight erythematous rash on the cheeks and forehead, 
and similar patches on the extremities, especially the lower. 

(3) On the trunk, the upper and lower extremities, there were slightly 
raised brown patches which were extensively spread over the whole body. 
Leishman-Donovan bodies were found in tlie smears from the jiatchcs. A 
few papules were found among these patches. 

(4) There was no ulceration or scab formation in any part of the body, 
no aniesthesia, no loss of knee-jerks, and no thickening of the nerves. No 
eruptions occurred in the mucous membrane of the mouth and nostrils. 
The liver and spleen were normal. On examination of the splenic blood by 
spleen puncture, no Leishman-Donovan bodies were found, 'riieie was 
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no rise of temperature. The patient complained of no other trouble, except 
tlie u^ly appearance of the body clue to the eruptions. 

Result of bl(Kxl examination showed : Ihenu^i^lobin, 75 per cent. ; K\H.C., 
4,500,000; W.B.C., 10,000; |')olymorphoiuiclears, 62 per cent. ; lymphocyte^-, 
24 per cent. ; lari^e mononuclears, 6 per cent. ; eosin(4')hils, 8 per cent. The 
blood-picture did not correspond to that of kala-azar. No Leishman-Donuv.in 
bodies could be detected in the peripheral blood. 

A series of experiments were performed in order to det( rmine whether 
ila^^ellates developed from the Lcishman - Donovan bodies, which had 
apparently been modified in their virulence by a course of antimonial 
treatment, and also to determine whether, if monkeys could become infected 
by transmission, a local or ji^eneral disease would be produced. 

'fhe followiip^ are the notes on the cnKural and inoculation experiments 
kindly made for me by Major Knowles, in one of the cases : — 

(1) One of the nodules v)f the ri^ht arm was pricked, and the blood which 
oozed out was inoculated into N N N medium and incubated at 2 2''C. Flagel- 
lated bodies wer ^ found after twelve days ; these were indistinunishable 
from those of Lcisliiiuiiiid douoviini (Plate X, tij^. 2). 

(2) The culture and smears from the peripheral blood of the patient and 
examinatio!! of the s[)lenic blood all JL^ave ne^i(ative results, 

t5) A monkey {Mitauiis rhesus) was inoculated in both eyebrows by 
embeddiipL; bits of ^granulomatous nodules into pot:kets cut in them. After 
one and a half months marked ]L(ramdomatous i^rowths were obsei’ved over 
the sites of inoculation in both eyebrows. Small secondary nodules were 
also observed at the outer and inner canthuses of the eyes. One of the nodules 
at the original site of inoculation was incised and smears were made from it. 
A fair number of Leishman-Donovan bodies were pi esent, most of which were 
intracorpuscular and a few only bein*^ extracorpuscul.ir (I^late X, fiu. 

(4) Xo ulceration was observed over the nodules after two and a half 
months, the raw surface left after incisin.i; one of the nodules having 
healed up. 

(5) Blood examination and cultures made from the peripheral blood of 
the monkey ^ave ne^^ative results a mo'.ith and a h.df after inoculation. The 
smears from the liver of the monkey and cultures from the same or^^an on 
X X X medium <^avc negative results, a month and a h.ilf after inoculation. 

HISTO-UATIiOI.OGY (MODIKIKD KKOM SHOKTT). 

The following is the description of the histo-patholo^y of the nodules cut 
in a direction perpendicular to the surface of the skill. 

Tile lesions appear to be specific infective ;^ranuloma. 

AF'CliAkANCES UNDER A LOW POWER (fl^L 38, and Plate X, fl/^L 4). 

The lirst glance shows that there is a profound alteration in the structure 
of the sujieriicial tissues. 'Phis alteration implicates both the epidermis and 
the ill I is vera, and these will be considered separately. 

Epidermis . — The structural modilication here consists in a uniform 
attenuation of the epidermis affecting ail the recognized layers, but most 
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evidcMit in the vctc mucosmn on account of the relative diminution in nuniher 
and len^^th of the lin^er-like processes usually associated with this layer in 
normal skin. Wliile the thickness of the epidermis is thus greatly reduced, 
there is, at the same time, no tendency for this process to proceed to the 
extreme decree of ulceration. 

i'iilis iv/v/. -It is in this rei^ion that the most strikin;^ chan.i^es are manifest, 
'fhe normal condition of dense connective tissue, merj:»ing gradually into the 
more open subcutaneous tissue, is entirely replaced by wliat appears to be a 



3.S. Section ()|‘ skin in dcMinnl k-islinianuid. After Slicntt, in Shortt and Hraliniaehari's 
paper. (Low ina^^nihcation.) 

(From tile Iiiilniii Jonniiil of Main iil Ri scttn li, J.nuiary, 


dense inliltration of cells, formiiyi^ a deep layer sharply differentiated from 
the imderlviiyL^ open structure of the subcutaneous tissue. This cellular layer 
avcia^cs iu depth about nine times the depth of tlie epidermis. 

AUPFARANCKS FXDKK A II UU! POWKK (li<^S. 35, 36, 37 and y), and 

Plate X, fit;. 5). 

- Hey ond a diminution in the thickness of the layers the minute 
structure is unaltered. 

Cutis vt'ru. — riiis appears to be composed of a very primitive comiective 
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Dermal leishmanoid in a cured case of kala-azar. 
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I''Ui. I. JA'isInihiiiiii ({oiioi'tiiii in :i smear I'nun a papule. Some few are free aiul ,J 

exiraenrpuseular, hul most are iusi<le leueoevtes ami eml<tthelial cells. livve-piece 4. f 
()lijecli\e tiil iminersiou.l 







2. l*'Ia.!.^i-IIate ciiKure on 
N N N medium twel\i‘ days afler 
iiu'iib.aliiui al 22 (lOye-pieci; 4. 

Olyjeclive ,',j oil immersiou.) 



Fm;. 5. 1 he sau)e section as in li;^. 4, sl]o\vinj» a nelwt>rk of newly-formed 

capillaries and Ihickenin;; the capillary wall. (Fve-piece 4. (.fbjective 
>:eiss D.) 


Fi(i. .3. LcislDHiiitid donornni in 
a smear fnan a nodule n{ the eye- 
lid cjf a monkey. (Kye-piece 4. 
Objective |'.j (iil immersion.) 


(Ori^'inal.l From the Indian Journal of Medical RescttrcU^ April, 1923. 
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tissue more or less unitorm lliroui^hoiil its extent, and formed bv, rather tlian 
infiltrated with, irrt\j^iilarly-shaped cells, many of which have branchiiy<^ pro- 
cesses. The nuclei ol the cells are irrcj^ularly oval iu sha[U‘, and stain deeply. 
In the earliest stai^es the nodules consist of a collection of these cells round 
the small capillaries in the outermost layers of the intrajxipillarv spaces 
of the Liilh will just below the epidermis. In the next staqe the cellular 
elements increase in number formiujL^ definite masses of i^ranulation tissue*. 
AIoujlJ with this there is j^radual thinning out of the epidermis. The iuter- 
papillary connectiv’e tissue may be seen runnini^ iiae^^ularlv int(^ this mass like 



Fi(i. .V'>. Section of skin in clcnnal leislunanoid eclF c<*i)taiiiiii;^ I.cishiiiaii-I inuovaii 

bodies. After Shortt, in Shortl and I^rahinacliari's paper. (Hi^h ina^nirK alioii.) 

(From the Ittdiiiu Joiin/td of Mnl/rdI Jaiuiar\, l'>25.) 

incomplete septa dividin;^ the main bulk of i^ranulation tissue into smaller areas. 
The ^granulation tissue contains many mullinucleated ^iant cells coutainin;^ 
Lcishnianid (see liiL!s. 35 and 37) arranged aion^4 their periphery, ddie tissue is 
very vascular and new formation of blood capillaries is actively in progress. 
Tlie cells composint^ the walls of the smallest capillaries do not always appear 
to be distinct from the stroma cells, and the impression received from a careful 
examination of the tissue is that both capillary eiidotlielium and stroma cells 
are derived from the same primitive imdinereutiated cell. 

This appears to be the cell which almost invariably contains tlie intra- 
cellular forms of LcisJinidnid dojiordtii which are the cause of the condition. 
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Once the primitive cell has become definitely clilTerentiatcd into a stroma cell 
or into capillary endothelinm, it seems to lose its power of active pha;^ocytosis. 
'fhe parasitized cells are mainly situated close under the epidermal layer and 
become fewer in nnmbei* in the deeper parts of the tissue. Many of these 
cells, besides containing parasites, enclose abundant pigment granides. Tlie 
behaviour of the pi^^ment cells of the epidermis in the affected portions of 
the skin is very interesting^, 'fhey appear to be infected with Lcislniidiiid 
from the very earliest sta^^es of the skin lesions. Some of them become 
very much swollen (see lii^. 36), due to the presence of Lcislinidiiidy others 
prob.ddy take on the character of spindle cells and appear to lie converted 
into fibroblasts, 'riic parasitized pi/^ment cells tend to mi<^Mate from the lowest 
layer of the epidermis into the , granulation tissue. 

'I'he areas of de-pigmentation noticed over the nodules contain much fewer 
pigment cells than in the adjacent structure of the healthy skin, and this de- 
pigmentation is jiaitly to be explained by the migration of the parasitized 
pigment cells, 'fhe connective tissue underlying the ( til is verd is quite 
normal in appeaiance. 

Mere and there the endothelium of the large capillaries is hypertrophied 
and the wall thickened. In some cases this occurs to such an extent that the 
capillaries arc almost oblileratcd. On the wall of the thickened capillaries and 
in their endotheli.d lining Leishman>l)onovan bodies are seen. The skin 
over the ]>apillomatous nodules is slightly pigmented and the stratum 
cornium is very thin. 

On the whole the pathological changes in the skin aie very similar to 
those present in a non-ulccrated oriental sore (see Plate X, figs, 4 and 5), 
and no break of continuity of the epidermis is observed over the nodules as 
shown by ulceration. 

The Leishman-Donovan bodies are best seen in smears from the scrapings 
from the gnmulom.itous nodules. In these smears they apparently appear 
as free par.isites. On careful examination they arc found inside large 
mononuclear leucocytes, and r.irelv inside the polymoridionuclears. Moie 
commonly, they are found inside other large cells, which possibly originate 
from the endothelium (Plate X, fig. 1). P.ir.isites are also found in the 
blown patches. 

After attention was drawn to the disease by the author, cases have been 
studied by Acton. An early dc-pigmented stage, a later nodular stage and a 
xanthoma type of the disease in which there is a tendency towards fibrous 
tissue formation and cimstriction of the venules and subsequent dilatation 
have been described (Actim and Xapier). It is stated by them that the 
nodules appear in the place of de-pigmenled patches. 

In the author’s experience the disease first shows itself as erythematous 
patches over the skin before any de-pigmentation or nodule appears in the 
skin. Pesides nodules may appear in places where there have been no 
de-pigmented patches, and there may be extensive areas of de-pigmentation 
lasting for scvei al months without any tendency tow.irds formation of nodules 
in their place. Further, the tendency tow*irds fibrous tissue formation is 





Dermal Leishmauoid 


>55 


slight, just as 111 the case of the spleen in kala-a/ar. When the eases recover 
the skin assumes its noimal appearance witliout any sign pointing to the 
presence of increased fibrous tissue formation. 

Besides the above, the following types of infection of skin with Lcisliiiidiiia 
(loiiovani have been observed. 

(i) Dermal lesion in imperfectly cured cases t)f kakoa/ar, in which 
positive ttagellate culture w<is obtained from the peripheral blood at the lime 
of observation (see Plate VI 11 ). 

In the case shown in the Pl.ite (VI 11), with positive llagc^llate cullure from 
the peripheral blood, the patient was at first treated with sodium antimonvl 
tartrate, and when the nodular eruptions iippeared on the bodv, he was 
treated with stibosan witliout any beneficial results. When he came undei' 
the observation of the author and Dr. A. M. Diitt, of the Calcutta Medical 
College, he was still suffering from kala-azar with the skin eruptions, lie was 
completely cured of kala-a/ar after treatment with urea stibaiiiinc, the skin 
lesions slowlv but subsequently completely yielding to a prolonged tre.itment 
with the compound (I lulidii /oiintal ofMediriiie And CdUiill'i Mcilicdl Join iial, 
February, 1927). This is the same case as Ca.-e 6 described in Acton and 
Napier's paper on post-kala-azar dermal leishmaniasis (i()27). 

(2) Cases of dermal lesion showing LrisJniiniiid iloiiovdiii in the skin in 
which there was no previous history of kala-azar and obsei ved in endemic 
areas of the disease (Annual Report ol the Calcutta School of Tropical 
Medicine, 1925, and / ndidii Jonnidl 0/ Mrdiciiir, Septemlna’ i() 29 ). 

It is impossible to say with certainty whether the skin lesions in this type 
are due to infection by Lcisliiiidiiid donoraiii or Lcislimdiiid Irof^iod, though 
the fact that the patients came from places where Lcisliiiidiiid Irof^iod is 
unknown, and lA’islinidiiid doiiovaui infections arc very common, goes 
strongly in favour of their being due to infectiem by the latter. 

(3) (Jntieatcd cases of kala-azar, in which sometimes Leishinan-Donovan 
bodies may be found in minute papules in the skin, as was observed by 
Christophers. 

The skin eruptions under (2) and (3) (juickly disappear under antimony 
treatment. 

We like to e.xtend the term dermal leishm.inoid !() signify skin lesions due 
to A. douovdui in cases which manifest no signs of internal leishmaniasis 
either as a result of previous treatment with antimony or without it. In those 
cases in which the skin lesions appear about a year after the patient has been 
cured of kala-azar, the leishmania in the skin are very resistant to subsecpient 
antimony treatment. 

Cases of dermal leishmanoid are not so uncommon as was originally 
supposed by the autlnu’. Skin le^i(ms due to A. doiiovdni in impeifectly 
cured cases of kala-azar may iierhaps be also termed dermal leishmanoid. 
(See Addendum for further observations on peripheral lesions due to 
A. doiiovdiii.) 
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PROPHYLAXIS. 

(A) India. 

was of opinion lliat the disease was caused hv a honse-infeclion, 
and he recoinniended that all |■)atients from houses where the infection had 
(irst ocenned should he lemoved to a place at some distance from the 
infected area. 

'rile (laros, in the early stairs of the Assam epidemic, learnt that the best 
way to i.*scape hein;^ more than decimated by the scourge was to move from 
tlie infected villages to a new site. Dodds Price*, siispectini^ the disease to be 
infectious, placed in a tea garden a number of freshly imported coolies in 
newly-built lines of houses, while tlu* remainder had to be accommodated 
in infected lines for want of room. It was ascertained by him that 
altlioui^h none of those in tlu* new lines had sulfered fi'om kal<i-a/ar during’ 
two years they had been in this badly-infected tea garden, yet no less than 8 per 
cent, or i6 perc'ent. of those* placed in the old lines were alre.idy dead of the 
disease*, and that, too, in spite of the fact that the new lines weiebut 300 yards 
fiom the old ones. 

Dodds Pi ice r.e.xt took the further step of movin<4 all tlie heallhv people 
out of infected houses to new ones on a fresh site. A lari^e number of 
fresh coolies were also dr.ifted into these new lines. Kighteen months l.iter 
no case of kala azar had occurred amoiyi^ them, and the lines remained free 
fiom kala-azar in subsequent years. 'I'liis experiment was repeated with 
j^ood rc'sults. In slii^htlv infected lines only the affected households were 
se^re^ated and iheii houses burnt, this me.isure beini;' :ilso of value, althouj^h 
less c*lfective than the fornu*r ones, 

.Attempts wt*re madi* by Dodtls Price to destroy all forms of insect lite in 
the infected houses and those around them in a cooly line in which kala- 
a/ar cases continued to arise each cold wi*alher. 'Phe houses weie fumi<4ated 
with burniuL^ sulphur, the beds thoroui^hly w.ishcd with stroiyq boilini^ 
carbolic hdion, the clothes either boik*d in the s ime solution or destroyed, 
while the blankets were all burnt as most likely to harbour buiLjs. 

All the above nu*asures have not met with any permanent success. R(\i;ers 
su^Lji^ested that disinfectiiyi^ operations, somewhat similar to those just men- 
tioned, should be c.urietl out in endemic are.is in houses where kala-azar 
patients lived. In this way, he thou.^hl, much mii^ht be done to reduce 
the sprt‘ad of the sjioradic form of the disease amon<4 Ani^lo-lndians in 
Calcutta. It does not, however, appear that the disease is i^ettint^ less 
common amon.i,; these peo[de in C.ilcutta bv the adofdion of these se^rc^.ition 
measures. 
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TIk* preventive measures tliat liave been adopted in Assam have, until very 
recently, met with a partial auKuint of success. The followin'^ notes on the 
preventive nieasnres adopted in Assam are extracted from McCombie Vomi<.(’s 
Kala-AZAK in Assam (1924). Helore the discovery of antimoni.d treatment, 
compulsory evacuation of the infected site was the onlv available preventive 
measure. Dodds Price adopted measures of removal and sei^rc-i^atioii of infected 
individuals in certain tea f^ardens with apparently siiccc-ssfnl results. Simil.ir 
operations were commenced by the Government of Assam, in ( 'lolai^hat, in 
i()i2. The infected family and patients were removed to a distance t)f not less 
than 300 yards from the infected house, and the infected house was burnt 
down and with it all the less valuable property of the inmatt‘s, compensation 
beiuf^ paid for their destruction, and any valuable* property disinfected. It 
was, however, found that removal of the infected family alone was not snfticient 
to eradicate the infection from a villaj^e, for in the vear aftc'r their removal 
fresh cases of kala-azar were found amon^ the neii^hboni iiyc: houses. Measures 
were then tak(‘n to move, as ‘‘contacts," the families who lived in the 
immediately idjoinin^ houses. Tliis was more successful, but the process 
had often to be repeated, year alter year, as the disease recui red in houses 
beyond the excised area. In several instances, and particnlarlv in an old- 
standiiii^ infection, it was found that it would have been better to move 
the whole villa, c;e in the first instance rather than to move si‘clions of the 
village in successive years, for the mortality woukl have been less and tlu* 
cost the same*. At first these operations seemed to i^ive a promisiiyi^ measure 
of success, and theopinion was expressed in i()P) that “if no new factors aiise 
to vitiate oui' calculations, we may look for the c*xtiiu*tion of the disease in 
this aiea within a year or two." 'This hope was not ri*ali/ed, for a new factor, 
the iiiHuen/a epidemic of the cold weather of i9iS-i(), ehan.c:ed the whole 
situation, and there w,is a recrudescence of the disease in areas in which it had 
been dormant and it threatened to spread to previously uninfected aii*as. 'The 
Cjovei inneiit (T Assam enacted certain measures of contiol undei the provisions 
of the Dpidemic Diseases Act. The re,i4ulations providc’d foi* the nolilication, 
on the recommendation of the S.initary Commissioner, of any village area 
found to be infected with kala-azar, for the prohibition of nii^ratit)n from that 
area, and for the compulsory removal of any of its inhabitants from an infected 
site, and for the destruction of the infected house and property. 'Die infected 
families, that is to say those in which a case of kala-a/ar was discovered, weie 
,i4rouped in an “infected camp," “contacts," i.e., their nc*i;4hboui*s and any 
other families which for any reason were under suspicion, were located in 
another j^roup of houses, forming the “contact camp." 'Die remainder were 
located in a “ healthy camp," whicii was meant to form the nucleus of a new 
village. There w.is no migration from notified are. is, and the inlerconnnuni- 
cation with uninfected villa;4es was .greatly limited and chiefly confined to 
visits between relatives. It appears that removal of a cinnmmnly from an 
infected site and treatment of those amon^ them who aie infected with kala- 
azar would terminate the outbreak in lliat particular community, but the 
method is prohibitively expensive upon a lar^e scale. In sjiite of the effective 



Kala-Azar 


'58 

prevention of mij^nition from infected areas and limitation of communication 
between infected and healthy villages, it was found that a gradual (lilbision of 
the disease took place, and year after year a fresh crop of new infections was 
discovered in previously uninfected villages to which the same expensive 
measures of removal and control had to be applied. When the general 
recrudescence which followed the influenza epidemic had to be faced, ex- 
perience showed that segregation on the scale which would be necessary to 
(leal with a widespread prevalence would be prohibitively expensive and 
administratively impossible. It was accordingly found necessary to retire to 
the second line of defence which the introduction of intravenous tartar- 
emetic treatment had provided. 

'rreatment as a method of prevention was originally put foi ward as an 
alternative to the methods of prevention by segregation by Knowles, in i(;20. 
'File results were found to be encouraging. Early treatment of the lirst one 
or two cases seemed to control an outbreak. In some cases it appeals to 
extinguish it entirely, perhaps by preventing the establishment of the con- 
ditions of site infection, if the first case acijuired his infection elsewhere. In 
practically all cases it seemed to prevent the outbreak assuming extensive 
proportions. The indications seemed to in* that wheia? only one case came 
under obsiMvation and treatment at an early date, there was a reasonable 
chance that no more cases would be seen. When several cases are seen for 
the first time, and if they have remained for some time unrecognized and 
untreated, and the opportunities lor the establishment of site infection 
have l)een ample, then no amount of treatment of cases seems be able to 
extinguish an outbreak, and under those circumstances a perennial crop of 
cases may be expected. It seems that early compulsory treatment has a 
distinct preventive action where it is efficiently applied in the e.u ly stages of 
a village infection, but remov.il to a fresh site is still necessarv to terminate aii 
infection when it has become dei plv rooted by delay in action. 

The tieatment campaign against kala-azar in Assam has bien of immense 
value as a prophylactic measure. 'Fhe present-day campaign against the 
disease in Assam is well described in Health Bulletin No. <) (C jovei nnumt of 
India Central Publication Branch, 1927), containing the Ti Ciiluitiit Cdiuf^dioii 
(Kuir, Assdiiiy as drawn by Major Murison, Director of Public 
Health, Assam, and the following extracts are made tlurefroin : — 

“'File treatment of the disease in Assam with t.irtar emetic began in 
when only a comp.iratively sm.ill number of cases were treated. in the 
special kala-azar dispensaries and out-centres, sodium antimony tartrate*, manu- 
factured by Messrs. Burroughs Wellciime ^ Company, London, and put up in 
Lsoloid ’ form, is used exclusively. It is passed through a severe test for 
purity before being su[iplied to the Assam Cjovernment. 'Fie<ilnu‘nt with 
sodium antimony t.irtrati*, in 1 per cent. solution, given in divided and increasing 
doses over a period of three months, is the method employed. 

“Although treatment with this drug has been very successful, it has the 
disadvantage of being long and tedious. 'I'reatment is therefore difficult to 
enforce, as patients who have been completely incapacitated by the disease 
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improve so consiclenibly after a few injections llrat they discontinue treatment 
altoi^ethcr or attend very irregularly. This irre^i^ularity makes it very diriicult 
to effect complete cures. In spite of the regulations in force under the 
Epidemic Diseases Act to compel patients to undergo a complete course of 
treatment, our campaign against the disease is being greatl) handicanoed by 
tlie large number of patients who are stopping treatment. 

“To overcome this difliculty communi(.|ues are being legi.larly issued 
inviting the co-operation of the people. ^luch propaganda work is being 
done by means of lantern demonstrations and illustrated posters and pamph- 
lets on the disease, emphasizing the grave dangers of stoptung treatment 
before a comjdete cure has been effected. 'Fliis has had some effect in re- 
ducing our ‘stopped treatment’ cases. It was felt that the above dilheulties 
would be still furthei' overcome if some drug could be introduced wiiich was 
not only as efficacious as sodium antimony tartrate but took a much shoi ter 
time to effect «i cure, ” 

In 1922 the attention of the Government ol Assam was drawn to the most 
brilliant results obt. lined bv Major Shortt in the treatment ol kala-a/ar, while 
working under tlie auspices of the Indian Research Kund Association at the 
Pasteur Institute, Shillong, by the use of urea stib.imine which was sent to him 
by the present writer at the retpiest of Colonel Greig, Direc tor of Medical 
research. 

After trial, as an experimental measure, the (jovernment of Assam gave 
sanction in the middle of 1925 to the treatment of all indoor kala-a/ar patients, 
and a certain percentage of outdoor patients attimding the indoor hospitals, 
with urea stibamine (Hrahmachari) and “471.” ddie results achieved," the 
lUillctin states, “ have proved most satisfaetory and encouraging.’’ 

“ I iisfriictioiis for I'rciitnicnl of Kolit-A uu Cases ici/li Ci Cii si i ha mine (issiied in 

/he lynlle/in). 

“(i) T/'cn slibiiniine, an org.inic compound of antimony, is a pinkish- 
coloured powder and is usually supplied by the Ciovernment ol Assam in 
I grin, ampoules, though smaller amounts in capsules are now being issued. 
The ampoules should'be examined for cracks or breaks, and any doubtful 
ampoules should be rejected. 

“(2) Eqnipnienl Xeeessmy. — (1) Urea stibamine (in scaled ampoules); 
(2; distilled water ; (3) 50-c.c. measures with rubbei* ca[) ; (.|) spirit lamp ; 
(5) test-tube holder ; (6) Collins' syringe, 1 o c.c. one ; (7) rubber tubing lor 
tourniejuet ; (cS) tincture of iodine; (9) sterilizer; (10) cotton wool. 

“(^) Distillcil av/Zc/' and, if possible, freshly distilled water only must be 
used in making up the solution of the drug, or serious accidents may occur. 
Stills or distilled water will be supplied, also test-tubes marked at 50 c.c. 

“ (4) To Malu' file Solution . — -Take one of the m.u ked test-tubes, cleanse it 
thoroughly in clean boiled water with a brush, if any acid, alkali, chemical 
or dirt has been allowed to get into tlie tube, every trace must be earefully 
removed and the test-tube liiialiy washed with distilled water. Place about 
60 c.c. distilled water in the test-tube. Put on a rubber cap over the mouth 
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of the test-tube. Now perforate tlie cap with a liypoderinic needle and leave 
tile needle sticking through tlie rubber cap partly in and partly out, but see 
that the point of tlie needle does not reach the level of the water inside. Dry 
the outside of the tesl-tube to prevent crackings and gently heat over the flame 
of the spirit lamp till the water boils cjuietly for hnir minutes. The steam will 
escape tliroiigli the needle. Stand test-tube to cool. Urea stibamine mmi not 
be dissolved in hot watei'. When cool, carefully remove needle and cap with 
forceps heated in spirit lamp, taking care not to contaminate the boiled water 
or the edge of the test-tube with the hand or unsterilized instrument. Pour 
off excess of water down to 50-c.c. mark. Take 1 grm. ampoule, file the neck 
and break off point. Sterilize the cut end of the ampoule only by passing 
it thrcjugli the tlame and allow to cool. Pour the whole contents of the 
ampoule into the test-tube containing the 50 c.c. of cool but recently boiled 
distilled water, replace the rubber cap aseptically and shake gently till the drug 
is completely disscdved. This will make a 2 per cent, solution of urea 
stibamine. 'fhe solution must always be freshly made just before use or 
accidents may occur. 'Die solution should not be heated, and any of the 
solution n(g used at the time must be thrown away. If it is desired to make 
smaller cpiantities of solution, the amount of water for this may be drawn from 
the test-lube after it cools into a sterile 10- or 20-c.c. syringe. The rest of the 
boiled water in the test-tube should be thrown away and the measured cpiantity 
in the syringe returned to the marked test-tube, 'fhe correct amount of urea 
stibamine should now be added to make a 2 percent, solution. 'I'lie ti;st-tube 
should always be cleaned with distilled water after use. 


Dosni^c, 

“ (5) (^0 Por an atlult begin with 0*05 grm. and increase byo‘o5 grm. until 
O’ 2 or 0*25 grm. at each dose is reached, thus : — 

b'irst (loso, O OS lirin. oi' 2's e e. of tlie 2 per cent, solution. 

Second dose, O'l Jl^i in. or 5 c.c. of the 2 per cent, solution. 

'riiird dose, O'l.S lirin. or 7 s c.c. of the 2 per cent, solution. 

h'ourlh and every sul)se(iuenl dose, 0‘2 i;rin. or 10 c.c. of the 2 per cent, solution. 

“(/d children between the ages of 5 and 12 years, half the adult dose, 
thus : 

l‘'irst dose, 0’025 )4i in. or r2.s c.c. of the 2 pi*r cent, solution. 

Second dose, O’O.^ i^rin. or 2 s c.c. of the 2 per cent, solution. 

'I'hird dose, 0'075 i*rin. or .V75 c.c. of the 2 per cent, solution. 

I’\)nrth and every subseiiuent dose, 01 urin. or .s c.c. of the 2 per cent, solution. 

“ (c) h\)r children between i and 5 years of age, one-third the adult dose, 
thus ; - 

h'irst dose, 0 01 vtun. or A c.c. of the 2 per cent, solution. 

Second ilose, 0’02 uou. or 1 c.c. i>f the 2 per cent, solution. 

'I'hital dose, O'O.' U' ac t the 2 per cent, solution. 

h'onith .ind every snhseuuent dose, 0 04 i;rin. or 2 c.c. of the 2 per cent, solution. 

“ [()) Froqiicuiy of InicYlioii . — Injections should be given at an interval of 
t)ne day, e.g., on the lirst, third, fifth, seventh, iS:c , or at an interval of two 
days, whichever may be convement, e.g., on the first, fourth, seventh, tenth. 
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ihirk'CiUli, sixlcentli, day. Treatment must be ^i^iven at least twiee a 

week regularly to be of value, the first method being preferable. 

“ (7) Contra-indications . — In (i) severe dysentery developing during treat- 
ment ; (2) marked nephritis with redema. In both these the dose should be 
largely reduced. In (3) very advanced cases, begin with a smaller (k'se, or give 
at longer intervals. Such special cases are, however, rare. 

'^Sterilization of Syringe and Xccdlcs. 

“ (8) Sterilization is effected at a temperature of ifio ’ C. in melted 
vaseline. 

"Method, Krect folding stand. Place spirit lamp below the opening, and 
the aluminium dish, three-quarters full of vaseline, on the stand, fix the 
thermometer in tlie holder with the bulb dipping into the vaseline. Place 
the needles to be used in the vaseline. 

“When the temperature* reaches ioo‘^ C., draw up the melted vaseline* into 
the syringe without the needle. Retain for a few seconds and then ejeet the 
vaseline back into the sterilizer. When the temperature of the vaseline 
reaches 160° C . till and empty the syringe again in the same manner. Pick 
up the needle from the vaseline with the forceps and lit it on the syringi*. 
Again fill the syringe with the hot vaseline. Eject the vaseline into the 
sterilizer and turn the syringe needle due upwards. Push down the plunger 
quickly so as to clear the needle of vaseline. Allow to cool. To ensure 
that the needle is nol blocked with vaseline in cooling, press down the 
plunger. If the needle is blocked, dip it into the vaseline for a second 
or two, withdraw it, and then press down the plunger to remove the hot 
melted vaseline. When the temperature of the vaseline in the sterilizer 
reaches iho'*' turn down the spirit lamp Ilame so as to maintain it at this 
temperature. Record syringes cannot be so sterilized without risk of 
breaking. 

“(9) ////V( //'(’//. -Sterilize the top of the india-rubber cap of the test-tube 
containing the solution by dipping in boiling water. Tilt the test-tube, 
plunge the needle of the sterilized syringe through the cap and draw into tin? 
syringe the required quantity of the solution. Avoid all aii* bubbles in the 
syringe. Choose a suitable vein in the patient’s ai in, sterilize the skin over it 
with tincture iodine, then proceed to give the injection in an exactly similar 
manner as with sodium antimony tartrate injections. Tlu* patient must be 
made to remain silting or lying near the place of injeetion for at least a 
cjuarter of an hour after being injected. 

“ CoNcr.uDiNo Rhmakks. 

“It is a well-known fact that before any treatment for kala-azar was 
known, at least 90 per cent, of those attacked succumbed to the disease. 
Taking the figures for the past six years, we find that 185,054 patients suffering 
from the disease have been treated, of which 166,545 undoubtedly liave 

died without proper treatment. The benefit conferred on Assam by this 
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campaign against the disease can be estimated when it is realized that the 
treatment has converted a death-rate of 90 per cent, into a recovery-rate of the 
same percentage. We have good reason to hope that we shall one day be 
successful in stamping the disease out of Assam.” 

In one of his recent reports on the treatment campaign against kala-azar in 
Assam, Major Murison points out that the most up-to-date treatment with 
urea stibamine was now available free of cost to all kala-azar patients and 
not far from patients’ homes. As regards propaganda work, he makes the 
following remarks: ‘Mt is the earnest request of the l^iblic Health Board to 
the general public to endeavour to make the treatment campaign against the 
disease more effective by inducing all patients to undergo a complete course 
of treatment as soon as the disease is detected. An untreated, or a partially 
treated, kala-azar patient continues to be infectious to others. In the interest 
of the public health, and in the hope of eradicating the disease, it is therefore 
the duty of all educated people to induce such patients t(j undergo a complete 
course of treatment as early as possible.” 

No speculative suggestions ai e made by me in this treatise for the destruction 
of, or proti'ction against, sandtlies as a prophylactic measure, since they may 
be as valueless as any that could have been formulated a few years ago for 
the destruction of bed-bugs, which were once supposed to be the carriers of 
the disease. Instead of asking the poor patient ((^ adoid measuies which may 
be e.xpensive for him t(' cany out, and subsec|uenlly turn out to be ineffective, 
we woidd like to wait till the transmission problem is solved. 

(1^) MliDITKK’R.AXKAN COI XTRIES. 

No organi/i'd prophylactic measures have hitherto been instituted, 
lagnos advocated the destruction of all the dogs on the island of Hydra. The 
lesearches of Massaglia, M<u shall, Pereira da Silva, Habbi, and many others 
have shown that the tlea can jday no part in the tr.msmission of the disease. 
Destruction of dogs in an infected area may, therefore, be of doubtful value. 
Basile, howevc'r, clainu'd that in Hordonaro, in Sicily, where a high percentage 
of natuiallv infected dogs occurred, the extiM inination of these animals led to 
an almost complete disap])earance of the human disease (191O). 

'I'he aj'^parently beiudieial results following measures for the destruction 
of bugs may be due to the destruction of some other unrecognized blood- 
sucking insect which may be the true c.irrier of the disease. If this turns out 
to be the sandtly, then measures against it will have to be devised. 

The fact that a pievious attack of the disease confers an immunity in 
a large percentage of cases, and that the disease spreads slowly from one place 
to another even when showing e[>idemic manifestations, makes it possible that 
an intensive mass treatment with a specilic should lead to its eradication, 
ddiis is the basis of the present-d.iv campaign against kala-azar in Assam. 

Kor a specilic to be useful in prophylaxis, it should primarily be of vei y 
high therapeutic value. It must also be very tpiick in its action, so as to reduce 
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the chances of infection from one person to another, and to avoid tlie 
di>,idvantages of lon« and tedious treatments. Such a specific for kala-a/ar 
has been found in urea stibamine, as extensive observations in campaigns 
against kala-azar have conclusively proved. 

The following extract from the speech of His Excellency Sir John Kerr, 
V lile bidding farewell to the second Legislative Council in Assam (ly’b)’ 
iiows the value of this campaign. After referring to the value of the treatnu nt 
of kala-azar with urea stibamine, His Excellency said : “We may now sav 
that victoij', if not in sight, is assured. 1 he progress in the campaign against 
kala-azar ir .Assam has been phenomenally rapid, and if it continues at the 
present rale there is an excellent prospect of the dread scourge being brought 
under complete control in a few years.” ' ^ 
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APPENDIXES. 

f. 

LABORATORY METHODS. 

No attempt will he made to disenss in detail the various laboratory methods 
and apparatus here referred to. Only a short account will he ,c;iven of them 
with special reference to what are necessary in the diagnosis of kala-a/ar. 
For details the reader should consult hooks on clinical laboratory diagnostic 
methods and on h.cmatolo^y. 

KSTiMATioN OK h^:mo(;lohin ok the HLOOI). 

'rhe most exact method is by the estimation of the amount of iron (dry 
h;emo<4lohin coiitainintj 0*42 per cent, of iron) in the ash of a ^ijiven specimen 
of blood, but this is a somewhat complicated process and is hardly applicable 
in ^^Mieral practice or clinical work. 

h'or bedside estimation '/'dlh/iiisf’s scdlc is fiecpiently used. It consists of a 
scale of colours and blottin^i; paper strips to suck up blood for examination, 
'fhe linger or the ear-lobe is sterilized by means of absolute alcohol, which is 
then allowed to dry. It is pricked by means of a lancet shaped sharp needle 
with a linn (|uick stab and, if possible, no pressure should be exerted. 'I'lie 
I'lrsi drop of blood is wiped :i\vu}\ The Jdood is iJicn sucked up in one of the 
strips of hlottiiif^ paper and allowed to dry on it, and the tint obtained is 
compared with the scale Iw direct lij^ht and the h:emo^Iobiii tliereby 
estimated. 

h'or more accurate estimation Haldane's modilication of (Power’s h:emo- 
^i^lobi nometer may be used, if coal ]L^as is available, d'he standard of comnai ison 
is a hermetically sealed tube fdleti with a solution of h.emo.'^lobin saturated 
with carbon monoxide ^as. 'riiis keeps unchanj^ed for years. A few drops of 
distilled w.iter are placed in the i^r.iduated measuriiij^ tube sup[died with the 
instrument. A small quantity of blood is drawn up to the {graduated mark in 
the pipette supplied for the purpose, ami is then ejected into and mixed with 
the distilled water in the measurin'^ tube, and a stre.im of coal <^as is then 
passed through the blood by means oi a c<ip for attachment to the gas-l)urner. 
'I'his C(mverts the luemoi^lobin present in the blood into carbon monoxide 
ha‘moi4lobin. It is then diluted with water to m.itch the st.indard. 

As coal i^as is not always available, the instrument is frequently supplied 
with an additional standard tube containing picro-carmine jellv, as in the 
ori« 4 inal (lOwer’s iKemo^lobinometer. 'riiis is liable to slow alteration in 
keepini^. It should be kept in the box and not exposed unnecessarily to 
lii^ht, to avoid .dteration. 
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In Scilili's itistriimcnt, ;i standard solution of acid lia?inatin is used for the 
purpuse of comparison. This is claimed by some observers ti^ keep even 
better than the carbon monoxide luemoglobin solution used in Haldane’s 
apparatus, but others deny this. 

Ainon^ other hicmo.ijlobiriometcrs may be mentioned the ori^uiial (lower's, 
Fleischl's and its modification by Meischer, Ivuttner’s modification of Salili’s, 
Oliver’s, Dare’s, Newcomer’s, cS:c. 

KNUMEKATION OF HLOOD-COKPUSCLKS 

This is effected by means of a iKemacytometer. It consists of a countini^ 
slide with a chamber and two pipettes for dilulin,<4 the blood for the purpose of 
c()untin<f the erythrocytes and leucocytes, which may be conveniently named 
erythrocytometer and leucocytometer respectively. Slides with various kinds 
of counting chambers have been devised, of which two are mentioned here, the 
Thoma-Zeiss or the closed chamber, and Hiirker, or open with two counting; 
chambers side by side for counting erythrocytes and leucocytes, 'fhe first 
one is used by iiiost workers in India, while the latter is very popular in America. 
Similarly, various modifications of the rulings of tlu* slides have been devised. 
The Neubauer ruling with the 'riioma ruling in the centre is very convenient. 

The following formula is applied in estimating the number of corpuscles 
in one c.mm. of blood with 'Fhoma-Zeiss lu'emacytometer or with one having 
similar ruling : - 

No. of corpuscles = ^ , where A is the number of corpuscles 

counted, Z is the dilution used, and N is the numbeF of squares counted. 

From the above formula a simple method tor counting the corpuscles can 
be deduced, which consists of adding four ciphers to the number of cells 
present in siunJI squares in a dilution of i : 200, or in forty small st/uares 

in <i dilution of 1 : lOO. 

(jcnerally speaking, it may be /aid down timt the higher the dilution und :it 
the same time the greater the number of stjuares counted, the more accurate 
is the counting. 

Idle dilution of the blood frequently employed for counting the erythrocytes 
is 1 : 200, but in cases of severe an.'emia it is more convenient to use a 
dilution of i : 100. 

(Ordinarily, the leucocytes may be counted with cillu'r of the two pipettes 
described above. The erythrocytometer is sufficiently accurate in cases in 
which there is no leucopenia or the leucocyte count is high, as in cases 
of leukaemia or other diseases in which there is leucocytosis. In the case 
(}[ leukiemia it is disadvantageous to use the leucocytometer. 

On the other hand, in cases of kala-a/ar and certain other emulitions, the 
number of leucocytes present in the blood maybe so low that the latter pipette 
is absolutely necessary for counting them. Many people use only the ruled 
area in counting the leucocytes (256 squares in Thoma-Zeiss), the process 
being repeated upon a second and third slide, and the average taken. With 
Neubauer and similar rulings and a dilution of i : 20, a convenient plan is to 
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PLATE XII. 

Normal and Abnormal Hlood-Cells, cS:c. 

(J^irtly original and partly from Schleip’s '' H*X‘matoIogical Atlas/’ 1920; 
Panton’s ^‘Clinical Pathology,” 1913; and Hyam and Archibald’s 
‘‘ Practice of Medicine in the Tropics,” 1921.) 


Fig. 1. Normal red blood-corpuscle. 

,, 2. P>lood platelets. 

,, 3. Coarsely granular eosinophile 

leucocyte. 

,, 4. The same, ruptured. 

,, 5. Polymorphonuclear leuco- 
cyte. 

,, 6. The same, ruptured. 

,, 7. Coarsely granular basophile 

leucocyte, or mast cell. 

,, (S. Finely granular basophile 

leucocyte. 

Small lymphocyte. 

Large lymphocyte. 

Large hyaline mononuclear 
leucocyte. 

1 2. The same, ruptured. 

13. Large hyaline mononuclear 

leucocyte, containing mal- 
arial h;emo/a)in pigment. 

14. The same. 

15. Transitional mononuclear 

leucocyte. 

Poikilocvtosis. 

17. Microcytes. 
iS. Macrocyte. 
i(). Achromia. 

20. l^)lychromatophilia. 

21. Ihmctate basophilia. 

22. Diffuse basophilia. 


Fig. 23. Demilune red blood-cor- 
puscles. 

„ 24. Ho\vell-)olly body. 

,, 25. Chromatin dust in red blood- 
corpuscle. 

,, 26. Cabot’s rings. 

,, 27. Normoblast. 

,, 28. Megaloblast. 

„ 29. Myeloblast. 

,, 30. Neutrophilc myelocyte. 

„ 31. Fosinophile myelocyte. 

,, 32. Dasophile myelocyte. 

,, 33. ICiulothelial cell. 

,, 34. 'rrirck cell. 

,, 35. J.ymphoblast. 

,, 36, Rieder's cell. 

Figs. 37-38. Platelets lying on red 
coi puscles. 

Fig. 39. X-bodies of Horrocks and 
Howell (1908). 

,, 40. Distoi ted platelets. 

,,41. Deposit of stain on a red 
corpuscle. 

,, 42. Vacuolated red corpuscle. 

,, 43. Yeasts on the slide. 

,, 44. A protozoon on the slide 
from an e.xtraneous source. 

,, 45. Pessary bodies, from de- 
stroyed red corpuscles. 


(Frc/// Knowles’ and Senior-White’s 

” Malaria : its Investigation and Control.” 
By kind pennis^ion of Major Kiunolcs.) 
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count the leiiC(H:ytes with ;i low power objective in the squiire inilliinetres at 
each of the four corners of the ruled area, and multiply by 50. 

While it is more convenient to estimate the number cf leucocytes over the 
squares in conditions in which the leuciH'vtes are numerous, it is very 
desirable in cases of kala-a/ar and similar conditions with low leucocyte 
count to count the leucocytes in the field of vision instead of in the ruled 
areas, care beini^ taken to rei^ularly from one circular area to another, and 
to include an entirely fresh field at each count. The areas counted must not 
be selected, but should be taken just as they come. 

'fhe number of squares in the field of vision is calculated from its area, 
which is easily determined from the formula : Area Trd wluMf r is half the 
di.aiieter of the field of vision, 'fhe slidin<^ tube of the miciost ope is drawn 
to a point at which the diameter of the lield of vision is just suflicieiit to eijiial 
eii’ht or ten times the length of the side of a small square on the countiiii;' slide. 

To ensure that a diameter is being measured is easily determined by 
observing that it is the greatest of all tiie chords of the field of vision parallel 
to it, or by noticing that a chord drawn at right angles to it from its middle 
point contains the same number of sides of the small sejuares as the diameter 
itseK, and therefore is also a diameter. 

The number of leucocytes present in 1 c.mm. is then calculated from the 
formula already given for estimating tlie number of corpuscles. 

V^irious fluids have been used for diluting the blood for examination with 
the luemacytometer. A few of these are mentioned here : — 

('jOioers Soliifioii . — Sodii sulph., 104 gr. ; acetic acid, i dr. ; distilled water 
6 oz. 

Hdvem's Se/z/Z/e/r —Sodii chloride, i grm. ; sodii sulph., 5 grin. ; corrosive 
sublimate 0.5 grm. ; distilled water, 200 c.c. 

Toissoii\ Fliiiil . — Methyl violet, 0*025 grm. ; sodii chloride, 1 grm.; sodii 
sulph., 8 grm. ; ncut. glycerine, 30 grm. ; aqua distill., 160 grm. 

The diluting fluid for counting leucocytes by means of the leiicocytometer 
should dissolve the red corpuscles so that they will not obscure the leuco- 
cytes. The simplest fluid is a i per cent, solution of acetic acid. More 
satisfactory is the following: Glacial acetic acid 1 c.c.; i per cent, aqueous 
solution of gentian-violet, i c.c.; distilled water 100 c.c. ( I hese solutions 
must be filtered frequently to remove yeasts and moulds.) 

Among other types of counting chambers and rulings of the slides may be 
mentioned the original Gower’s counting chamber. Levy counting chamber, 
llausser’s counting chamber, and Zappert s rulings of the slides. 

For cytological work other than blood-counting, as in cerebro-spinal 
fluids, cScc., the Fuchs-Ko.senthal ruling may be used. For the counting of 
blood-platelets, the so-called Ilelber chamber with a Neubaucr ruling, as for 
blood-counting, may be used. 

koeKU S. Mouuis, M.l). “ 'I'lic Choice of Riilin;^ in a lUood-Comitiii;^; Chainl)cr,” Joiirntil oj 

Ltibonitorv iVid L'linicul Mciliiiiic, DccciiiIkt, 19Ui, vol. ii, \\ 2()S. 

Hdkack Gkay. M.l). “Cell Coiintiu.Li Tcclniic : A Study of 1‘riority.' Aniiimni Join uni of Ihc 
yicdiinl Sckuccs, OchAx-r, 1921, N->. 4, vol. cl.xii, p. 52o. 
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STUDY OF STAINKD BLOOD. 

For makiiii^ proper films, it is essential that the slides should be perfectly 
clean. When new slides are used, the superficial grease is removed by 
breathing on them or putting a little alcohol and rubbing up with a clean 
handkerchief, or by flaming them. Used slides and cover-glasses arc placed 
lirst in a mixture of concentrated sulphuric acid 6 parts, potassium bichromate 
6 parts, and water loo parts, for some time. They are then thoroughly washed 
and kept in absolute alcohol after drying. When required for use they are to be 
taken fiajm the alcohol, and when all the alcohol has drained off they should 
be rubbed with a clean handkerchief or passed through a dame. 

After the preliminary preparation for taking blood which has been described 
before, a droplet of blood is taken on a clean slide a little away from one 
of its ends, taking care that this slide does not touch the skin. The edge 
of a second slide is placed against the surface of the first at an angle of about 
45^' touching the drop of bood, and the blood allowed to spread itself at the 
junction of the two slides. The second slide is now pushed at this angle to 
the opposite end of the lirst, when an evenly spread film is formed. The 
bloocl should follow the spreading slide, and not be pushed in front of it. The 
thickness of the film depends on the angle between the two slides, the si/e of 
the drop of blood and the pressure between the slides. The tilm is now 
dried in the air or by holding it high above a llame. It is then stained by 
one of the modilications of Komanowsky stains, such as Iveishmans or 
Wright’s modilications of it, or (nemsa’s, and then examined under the micro- 
scope witli oil-immersion, 'fhe author generally uses Wriglifs slain, and he 
linds that it gives most satisfactory results. 

In stained specimens of the peripheral blood, apart from examining 
for the presence of Leishman-Donovaii bodies, the following diagnostic 
information indicative of disease may be obtained from this examination : — 

(1) EryllirocyU's. — Pathologically, they vary in hremoglobiii content, si/e 
and shape, staining properties and structure. The depth of staining furnishes 
a lough guide to the h.emoglobin content ot the corpuscles. Variations in 
si/e (anisocytosis) are shown by the presence of microcytes, macrocytes and 
nu‘galocyles. Variations in shape are shown by the presence of poikilocytes, 
such as oval, pyriform aiul club-shaped cells, tS:c. (poikilocytosis). \'ariation 
in staining pr(»perties is shown by polychromatophilia, basophilic granular 
degeneration, ike. \^u iation in structure consists in the presence of nucleated 
red cells or erythroblasts. They include the niicroblasts, normoblasts and 
megaloblasts. 

(2) lu'ii(\h'yU's, — The differential count of leucocytes yields more helpful 
information than any other single procedure in blood examination. It is 
best made on a tilm stained with one of the Kennanowsky stains. The 
abnormal varieties ot leucocytes include (d) myelocytes ; (h) myeloblasts ; 

(t ) lymphobl.ists ; (d) Tiirck’s irritation leucocytes ; ((’) plasma cells ; 

( /) degenerated forms ; and (g) atypical forms. 

To m.ike the differential count, it is necessary to go carefully over the 
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filiii with iui oil immersion lens, usini^ a mechanical sta.^e, if available. After 
classifying each leucocyte seen, the percentage of each variety, in the total 
number of leucocytes counted, is calculated. For accuracy, 500 to 1,000 
leucocytes should be classified ; for approximate results, 300 are sufficient, 
but it is imperative to count the leucocytes in all parts of the smear, since 
the different varieties may not be evenly distributed. 

The actual number of each variety in 1 c.c. of blood is easily calculated 
from these percentages and the total leucocyte count. An increase in actual 
number is an nhscliite increase; an increase in percentage only, a relative 
increase. It is evident that an absolute increase of any v.u iety may be 
accompanied by a relative decrease. 

'1\) get a f.iirly uniform distribution of leucocytes in a lilni made on a 
slide for differential count of leucocytes, it must not be made very thin, and 
should be moderately thick, but not so thick as to make the leucocytes difficult 
to be recognized. 

Suggestions liave been made from time to time to carry out the differtaitial 
count in tlie counting chamber along with the total count liy use of diluting 
fluids which colour the leucocytes dillerentially. As special diluting Iluid 
foi’ this purpose Stitt uses 1-5 c.c. of neutr.ilized foiinalin in c.c. of 

o’5 per cent, glycerol. Just before use this tliiid is colourc‘d with ("liemsa's 
stain by adding one drop of the stain for each i c.c. of the fluid, h'ormalin 
may be neutralized by adding a few drops of phenolphthalein, and then 
adding very dilute sodium hydroxide to the first appearance of a pink colour. 

MKTHOrj OK KINI)IN(i LEISH.M AN-DONOVAN BODIKS IX TIIK PERIIMIEkAL 

BLOOD. 

(1) 77 //// Film Melliod . — In a thin film of blood prepared m the way 
indicated above, in order to search lor the Leishman-Donovan bodies, the 
edges of the film and the tail where the leucocytes tend to specially gather 
should be examined. The parasites arc found either inside the polymor- 
phonuclears or the mononuclears, or very rarely app<irently free*, due to 
rupture of the cells containing them in the process of making the smear. 
l>y compressing the linger below the pulp for half a minute or so and then 
puncturing it, a larger number of k-ucocytes may be obtained in the smeai . 

In k.da-azar leucopenia is frecjuently present, and oftentimes to a maiked 
extent, and it is therefore very diificult to find, in thin films of the peripheral 
blood, a sufficiently large number of leucocytes for examination for the 
detection of Leishman-Donovan bodies inside them. It has therefore been 
recommended to examine thick films for tliis purpose. 

(2) 't hick Film Melhod. — Ross’s thick film is made by allowing some six 
drops of blood to fall on a slide within an area 5 to 7 mm. in diameter 
and spreading them into an even layer. After dehiemoglobinization with 
water the resulting film is dried in air and stained. 

Reference has already been made to tlie thick film method of Knowles 
and Das Gupta (p. 84). Care should be taken to let the films dry in tlie ali- 
as completely as possible, so that the leucocytes may adhere lo the slide and 
not be washed away during subsecpient manipulation. 
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AnotliLM’ method is to take one-half to one drop of blood, wliich is made 
into a thick film by spreading it out somewhat with the corner ol another 
slide. Usually lialf a drop of blood will make a spread of proper thickness 
about half an inch in diameter. It is then dehamioglobinized and fixed in 
methyl alcohol (Merck’s hi^^hest purity), containing 2 per cent, glacial acetic 
acid and 2 per cent, hydjochloric acid. It takes from one to three minutes to 
decolorize recently-made preparations. Wash, preferably in running water, 
to entirely remove the acid. This reejuires only a minute or two, and then 
stain. (For other methods see Addendum.) 

(^) C(’n/rif)i^if(' McUiOiL — 1die author has adopted the following method for 
cfincentrating the leucocytes from the peripheral blood : About 50 c.mm. of 
blood are centrifugali/ed either alone or after mixing with a 2 per cent, 
solution of sodium citrate to prevent clotting, and after pipetting off the 
supernatant layer of tluicl, the upper leucocyte layer and the upper quarter or 
so of the column of red corpuscles are pipetted off and spread on a slide and 
stained. In this way there is a great preponderance of leucocytes in every 
field of the microscope. The author has sometimes concentrated the 
leucocytes by putting blood mixed with a little sodium citrate solution into 
miniature tubes closed at one end and then centrifuging in a h.nematocrite. 
The leucocyte layer at the top of the sediment at the bottom of the tube is 
examined in the way described above, liy centrifuging 5 c.c. of blood mixed 
with Loc'ke’s solution (sodium chloride 9*2 grm., potassium chloride 
0*5 grm., calcium chloride o*i gnu., sodium citrate lo grm., distilled water 
1, 000 C.C.), at a speed of 750 revolutions, Young and \'an Sant state that 
parasites are readily discovered in films made from the bottom-most part of the 
centrifuging tube inside mononuclear and polymorphonuclear leucocytes, 
'riiey hold that these leucocytes are heavier than other blood-cells when thev 
contain Leishman-l )onovan bodies, and therefore go to the bottom of the 
centrifuging tube during centrifiigalization. If the cloudy layer at the top 
is decanted ami centrifuged at a high speed, the extra-corpuscular Leishman- 
Donovan bodies maybe found in the blood-platelet layer of the sediment. 

In the author's experience the search for the parasite in the peripheiiil 
blood takes an extremely long time and is freepiently negative, whatever may 
be the process adopted, and in one case he examined at least .|00 leucocytes 
without finding any Leishman-I)t)novan bodies in them. 

MKTIIOU OK STAININCJ lU.OOD KII..MS. 

'riiis is effected by one of the Romanowsky stains, which consist of a 
compound containing a mixture of methylene-blue and its derivatives in 
combination with eosin, there occurring between the methylene-blue and the 
eosin some complic.itetl chemical reactions. Modifications of Romanowsky 
stains chietly used are : — 

( 1) Ciiemsii's stain. 

(2) Leishman’s stain. 

(3) Wright’s modification of Leishman’s stain. 

(4) Jenner’s stain. 
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These st.'iins c«in be obtained from Griibler or Merck, Germany, or from 
English lirms, such as Burroughs Wellcome and Co., or British Drug 
Houses, Ltd. 

For the preparation of Giemsa, Azur II cosin, 3 grm., and Azur ll,o*Sgrm., 
are put in a mortar <ind then dissolved in glycerine (chemically pure, Merck), 
250 C.C., by means of a pestle. Then add 250 c.c. of methyl alcohol (Mt ick’s 
reagent). 

Leishman’s stain may be prepared easily by dissolving 0*15 grm. of 
Leishmairs powder in 100 c.c. of acetone-free methyl ah'ohol. 

Wright’s stain is |M'epared by dissolving o‘i grm. of ihe powder in ()o c.c. 
of pure acetone-free methyl alcohol. His most rec'cnt directions for its 
preparation are as follows : — 

'Fo a o’5 per cent, aqueous solution of sodium bicarbonate add (B. X or 
medicinally pure) mcthylcne-bluc in the proportion of i grm. of thedyiMo each 
100 c.c. of the solution. Heat the mixture in a tlask in a steam sterilizia- at 100 C. 
for one full hour. After heating, allow the mixture to cool, and then lilter it to 
remove the pre‘'ipitate which has formed in it. To c.ich 100 c.c. of the tillered 
mixture add 500 c.c. of a o‘i per cent, aqueous solution of “ yellowish w.iter- 
soluble ” eosin, and mix thoroughly. Collect the abundant precipitate, which 
immediately appears, on a tilter. Dry the precipitate thoroughly, dissolve it 
in methyl alcohol (Merck’s “reagent”) in the proportion of o’ i grm. to 60 c.c. 
of the alcohol. In order to facilitate solution, the precipitate is to be l ubbed 
up with the alcohol in a poicelam dish or mortar with a spatula oi* pestle. 
This alcoholic solution of the precipitate is the staining tluid. 

In staining with Giemsa’s stain, the film is lixed in pure methyl alcohol ; 
then (liemsa’s stain, diluted with distilled water in such a way that one drop 
of stain is mixed with i c.c. of w,iter, is poured over it and allowed to act for 
fifteen or twenty minutes. 

In staining with Leishman’s stain, no preliminary fixing of the film is 
required, it lieing cHected by the methyl alcoiiol contained in the solution, 
A few drops of the imdihited stain is poured and kept ovei‘ the film lor about 
half to one minute, taking care that it does not dry. The solution is 
then diluted by dropping about double the quantity of fresh distilled water 
and the stain and the water are cphckly mixed with a gkiss rod. h'ive minutes 
are now allowed for staining, and the stain is then gently washed off with 
distilled water. y\ little of the water is kept on the film lor half a minute to 
intensify the colour contrasts in the various cells. 

In staining with Wright’s stain, cover the film, without previous lixation, 
with plenty of the staining tluid by means of a dropper, so as to avoid too 
great evaporation and consequent precipitation. After one minute add to the 
staining fluid on the film the same cpiantity of distilled watci' by means of a 
second dropper. Allow the mixture to remain for three to six minutes, 
according to the intensity of the staining desired. Wash the slide in water for 
thirty seconds or until the thinner portions of the iilm become yellow (U* pink 
in colour. Dry with filter paper or by waving high above a flame. 
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PKKIPHEKAL 15LOOD-CULTUKE. 

In a series of 440 undouhted cases f)f kala-a/ar observed by Paaliinacbrai 
and Maity, the periplieral blood cnlture was found by them to be positive in 
426, i.e., 97 per cent. In another series of 190 cases in which cultures were 
made from material obtained on spleen puncture, it was found positive in all. 
'riie technique of blood-culture has iK'en described (p. <S6). A few further 
points are mentioned here. 

A 2 c.c. all-j^Iass sterilized syiin;4e is used for puncturin<y a vein in the 
arm. Sterilization of thesyrin^^e with the needle is elfected by autoclavini^ the 
syrin^^e in steam, and subsecpiently removin/4 all the traces of water inside 
the barrel and the needle by one up-and-down movement of the piston throui^h 
the barrel, tlie needle bein^ attached to the syrin^^e by means of a pair ol 
forceps, 'fliey may also be thorou^ldy dried in a hot-air sterilizer. The 
method of the Kala-Azar Commission is to use a 5 c.c. all-^lass syriuf^e, and 
to put up the syringe, in their metal cases wrapped in paper and autoclavini^. 
They are afterwards thorou^^hly dried, without opening the cover, in a hot- 
aii- stei ili/er. (3il sterilization is hardly necessary. The f)il is likely to remain 
sticking inside the syrin^^e and thereby collect dirt after repeated use, which is 
fiaajuently diriicuU to clean, especially in an all-metal syrin,i.;e, the inside of 
which cannot be seen. 

'riie technique ot venipuncture lias already been desciibed under the 
cha[)ter on metallic antimony (p. 116). 'I'he best method of makini^ the vein 
prominent is by means of an india-rubber tubin<4 ti.J4htened round the arm 
above the point of puncture by means of a pair of tongue forceps, in the 
manner indicated in the diagram. Hy openin<4 the forceps and ti,^hteninL^ or 
loosenin;4 the rubber tubinij, the amount of compression of the arm may be 
very easily re<4ulated so as to stop the venous Howto such an extent as may 
be desired. 'I'he comiaession should not be so i^real as to stop the arterial 
supply. Subsequently the blood drawn is dealt with in the manner described 
in p. tS6. 'The blood should be diluted with sterile sodium citrate solution. 
It is desirable that the blood should be properly diluted in citiated saline 
foi successful culture. 'I'liis washes out substances in the blood-plasm. i that 
mav be iniiuic.il to j^rowth. 'The Kala-azar Commission [loint out that this 
dilution with citrate solution is important, not only as assisline^ manifnil.ition, 
but as f.ivouriiyi4 ctiUure by the absence of clot formations in the inediuin and 
possibly through the anticomplementarv action of the salt. It is desirable 
that only freshly prep.ired medium {up to seven days after preparation) should 
be used and culture kept at 22 C. to 24 ' C. 

Row describes the followini^ technique for what he calls “ intensive culttire ” 
from the peripheral blood. A few drops of blood from the tin^<.jer are intro- 
duced directly into 15 to 20 c.c. of citrated saline before anv clottin^i^ takes 
pi. ice. 'riu‘ thluted serum is then centritu’j^ed and the sediment of corpuscles 
planted directly into a suitable medium, e.;^., X X X medium. In this wav ;i 
growth of Ike^eil.ites may be obtained in six days. (See p. S6.) 

In some cases the author has obt. lined positive thii.^ellate culture as e.irlv 
as the thiiai d.iy, but .^cner.illy it takes place in seven to ten days. C)ne should 
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not consider that the culture is negative until three weeks h.ive passed after 
incubation, and no growth has been obtained in this period. 

The flagellates should be looked for in the fluid of eondensation and in 
the upper layer of the solid portion of the N X X inediuin in contact witli the 
fluid. The fluid and a portion of the solid should be pipetted off with a sterile 
capillary tube for examination, and the culture tube put back into the in- 
cubator for flagellate gi owth, if it has not already taken place. A drop of the 
pipetted material is put over a slide and a cover-glass placed over it, and the 
wet specimen examined with objective 40 and eye-juece 10 (new notation); 
with an oil-immersion (go or 100 new notation), a IcKver eye-piece 5 (new 
notation) should be used. 

Christophers, Shortt and Barraud have employed various devices for 
studying the growth of the flagellates in culture. I'he following are 
quoted from their observations: “ In order to study the life cycle we have 
employed various devices, such .is growth on solid medium (plates) and 
various forms of microculture. Particularly interesting results have been 
obtained by taking cover-glass impressions (wet and dry fixed) from the 
surface of X X X medium plates. These plates are inseminated by placing a 
drop or two of the citrated infective m.aterial in the syringe u[)on ihe surf.iee 
of the medium, covering and tilting the plate so that the fluid flows for a 
short distance over the medium. The entire track of the fluid can then later 
be removed as an impression on a 2 in. by •/ in. cover-glass, giving a (uepara- 
tion in which the development of the parasite can be studied in si/n. 

In addition to observations made in hanging-drop preparations, we have 
obtained useful results by a form of microculture put up in the following way : 
A series of sterile slides is pie[)ared with vaseline rings. These rings must 
be of uniform thickness, and are best made with the aid of a thin glass 
tube with smooth edge of the required diameter dipped into melted p.iraflin. 
On the slide, in the centre of the vaseline ring, is placed with sterile pre- 
cautions a drop of culture medium (condensation fluid of XXX medium) 
To each drop of culture medium is then added a drop of niatei ial contain- 
ing flagellates, or the drops on the series of slides are used to make a dilution 
series, the inseminating material being added only to the first drop of the 
series. Each preparation is now covered with :i sterile cover-glass, which is 
pressed down to meet the fluid, care being taken to keep the cover-glass 
strictly parallel with the slide. The result of this procedure is a disc of fluid 
lying between the; cover-glass and the slide, surrounded by air, in the centre 
of a sealed vaseline ring. The thickness of the disc can be regulated by 
pressure; it should be of such a thickness as to admit of its being ex- 
amined throughout its depth by ;i sixth objective. If the vaseline seal be 
made of uniform thickness and the cover-glass evenly pressed dinvn, the disc 
of fluid will remain unchanged in shape or position for weeks. 

“ Preparations can also be made to include a thin rectangular slab of the 
solid portion of the medium. This is done by scoring with a sterile needle 
a specially prepared very thin X N X plate, or selected portion of such, with 
two series of lines at right angles, the lines of each series being about ro mm. 
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or less apart. One or inra e of the small reclan^les of medium so formed are 
removed with a platinum loop t(j tlie drop from which the microciilture is to 
he made, 'fiie inclusion of the S(ilid medium enables the behaviour of the 
parasite in relation to the solid parts of the culture medium to be studied, 
and also facilitates tiie mappin.^ of the preparation.” 

STAINING OF LEISIIMANIA. 

For staining the Ltisluiiiiiiiiif the author ;^enerally uses Wrii^ht's inodi- 
lication ol Leishman’s stain. Shortt’s method of stainin<4 the fla^^ellates has 
already been dc.-scribed (p. 26) and ^ives very ^^ood results. 

For dried preparations the ordinary method of fixation in absolute 
alcohol may lx: employed. 

When making preparations for Ciiemsa's stain from X X X medium, it is 
necessary that the cultuie fluid should be diluted with live or more parts of 
citrate solution. Washin;4 by centrifu^in;4 gives very good results for ensuring 
proper staining of the flagellum with C^ieinsa’s stain. 

Christophers, Shortt and Harraud recommend that the film, after having 
bc-en ilrictly should be exposed for a short period (^iive to ten seconds) to the 
vapour of osmic acid. 

h'or wet fixed films, Christophers, Shortt and Ikirraud havi: compared the 
results obtained by fixation in: (i) acetic-sublimate; (2) alcohol-sublimate 
(Sehaudinn); (3) ;dcohol-sublimate in saline (M:iier) ; (4) picro-acetic-formol 
(F>oiiin); (5) aleohol-picro-acetic-formol (I )ub()sec]-Br;isil) ; (6) pici o-;icetic- 
formol with luaitial copper acetate to increase the solubility of the picric 
acid (Houin-Hollande) ; :md (7) osmic-acetic-chromie (Fleming). Of these, 
they got the best results with Xos. 2, 3, .\ and 6, and after v.irions trials they 
used Xo. 2 as a routine practice. 

STUDY OK STAINED FILM FUOM M.ATEKIAL OBTAINED FROM TISSUES IN 

KALA-A/AR. 

Tlw — We have alie.idy tlescribed the technitpie of spleen puncture. 

Its dangers though only slight still exist, 'fhe operation has not been popular 
in private practice in endemic areas, and even in Calcutta, and the author 
cannot recommei’d that it sliould be promiscuously undei taken in all cases 
of kala-;i/:ir, especially in out-p;itient departments of a huge hospital, where it 
may be impossible to determine all the contra-indications in a short time. 
An accident following such an apparently simple operation may be unexpected 
;ind inaki‘ the treatment very unpopular. Though the author has not met with 
;iny fatal cases in sever;il hundreds of cases in which he or his assistants 
[ua formed it, yet he is ;iware th;it it did turn out fatal in the hands of very 
Ci)mtx tent men. In one or two of his cases in private pnictice, the patient 
coinphiined of pain over the abtiomen, which became very severe a few houi s 
after puneture ;uul continued for a few days, and there is no doubt that there 
w;is Inemorrhage from the seat of puncture which fortunately did not turn 
out fatal. 

In ;i successful puncture the contents of the needle should practically 
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consist of splcLMi pulp only. If the barrel of the syi lu.i^e shows the presence ol 
hlo(Hi, it indicates that there has been an undue dilution of splenic material 
with blood, which is disadvantajL;e()us to culture as well as to lindin,^ Leishman- 
Donovan bodies in smears made therefrom, and it is not infrequently 
observed that i minute quantity of splenic pulp shows Leishman-Donovan 
bodies in almost every iield, whiK‘ a smear made from the contents of the 
syriiii^e containin,<4 a lare;e quantity of blood from tlu‘ spleen of the same 
case may show very few or no [.eishman-I )onovan bodies. We have stated 
before that, accordini; to Christophers, in certain stage's of the disease the 
Lcisiniiailid may disappear from certain portions of the spleen. We a^^ree witli 
this view. In a series of iqo cases of kala a/ar, the smear from -pleen-puncture 
material was positive in 185, and the culture from the same was positive in all. 

Ui'cr . — It has beer, recommended that, to avoid th(‘ danj^ers of fatal 
hiemorrha<4e from sjdeen puncture, the liver should be j)unctmed by 
prtderence, as it is less easily torn than the spleen. Ihit smears from liver- 
puncture material are morc‘ likely to jL^ive ne^^ative lawsuits than from spleen 
punctuie. 


KLAGKLLATK CtM.Tl’lv'E OF SPLENIC OR LIVKR MAFEKMAL. 

'riiis is done in the Siime way as culture from the pei'ipheral blood, a small 
amount of material bein^ij obtained by means of a syrini;(‘ and diluted with 
1 to J c.c, of a 2 [K‘r cent, sodium citrate solution, and then put into X X X 
medium. In makin,^ a culture, liver puncture should be made in those cases 
in which theie aie contra indications in puncturin<4 the spleen. 

'rhou.j4h it may b(; aia;iu;d that cases of fatal luemoriha’^e have been met 
with after ex[doratoiv puncture of the liver in cases of suspectc'd he[)atic 
abscess, yet in all cases in wliieh tlu* author has observed such an accident, 
very stout and lon<4 explorine; needles were inserted very dee[) into the 
substance of the liver several limes for diseoverin,«4 pus, ;ind on post-mortem 
examination one of the lar<4c* biaiu'hes of the [)ortal vein w.is found to have 
btam punctured. On the other hand, in m.ikin.<4' [umetures for .e;eltin^ a smear 
for searchin<4 foi' Leishman-Donovan bodies, or for makiiii^ a culture, a line 
needle is re(|uiied, and tlu*re is no danj^er in puncturing; the liver with 
sucli a needle. 

Snicdrs from oilier I'issiw:^, — Smears from material obtained from bone 
puncture, excised lymphatic .glands, scra})iiyL(s from bases ol artificially 
produced blisters or ulceis, have not jL!;iven satisfactory lesults in the hands of 
the author. 


niOCIIEMICAf. TESTS IN KALA-AZAR. 

We havx* already mentioned the biochemical reacticjiis of the blood in 
kala-azar, and shall refer here* to those jioints that may be used for dia|^nostic 
purposes ; — 

Relative Htvmoi^lohin Value of Resislanl Rrylliroevles. — As early as 1909, 
I>rahmachari showed that the relalivc h(vnn\illohhi value of the resislaul 
ervlliroeyles during luemolysis of blood witii hyposmatic saline (X : 50) or 
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distilled water was less in kala-azar than in the case of other diseases or in 
health. 

13y rcsi^tdul crxlJirocxtcs are meant erythrocytes that do not ht'cmolysc when 
one part of blood is treated with two parts of X : 50 saline or distilled water. 
The rchilirc luvinoillohin-rahic is expressed as the ijiiotient obtained by 
dividing the amount of h<x*mo;4lobin in the irsisUmf coiftisclcs by that of the 
total blood, and is estimated by the followin;^ method : After thoroii]L(hly 
mixin^f 5 c.mm. of the blood with 10 c.mm. of X : 50 saline, the mixture is 
centrifuged as thorou^ldy as possible, and then the sediment is washed 
several times with N : 10 saline till the supernatant fluid at the top is perfectly 
colourless. The sediment is now dissolved in a small (piantity of distilled 
water with the addition of a chop or two of chloroform, and then the amount 
of h.'emo.^lobin is estimated by a Haldane's h;emo^lobinometer. In those 
cases in which the amount of luemo^^lobin in the resistant corpuscles is less 
than 10 per cent., 10 or 20 c.mm. of blood is taken and then treated with 20 
or 40 c.mm. of X *.50 saline respectively, and the amount of hamio^lobin in 
the resistant corpuscles is then estimated. 'Phis number, divided by 2 or 4, as 
the case may be, ^^ives the amount of luemoi^lobin in the resistant corpuscles 
of 5 c.mm. of blood. 'Phe amount of hxMUo^lobin present in 5 c.mm. of 
l)lood is then estimated in the ordinary way by mt*ans of theluemoglobinometer. 

'Phe author has found t!ie above factor to be, in the average, o zGn in the 
ease of kala-azar and 0*426 in the case of healthy students. In the case of 
ankylostomiasis it may be as hijL;h as 0*71 .j. 

tup: (il.OlUILlNS IN KAL\-.\/AK. 

"Phe ^^lobulins in kala-azar blood-serum were first investi^ijated by 
Brahmachai i as early as i()i7. Wlicn human serum is diluted with excess of 
distilled water it becomes cloudy, ow’iiii^ to partial precipitation of seium 
{globulin. Under certain circumstances a copious precipitate forms instead 
of a uu*re cloudiness. 

Ppon the above observation depend the i^lohuliii riiiil and the diohi/liii 
prci if^ildlion lesh of the author, wdiich are desci ibed below* : — 

/7/e (ilohulid /v/7/^ Test. — 2 c.c. of tiie blood from a prominent vein of a 
kala-azar case are diawn by a i^lass syi in;4e and the blood i|uickly centrifuged. 
'I'he serum freed Irom the clot is introduced into a miniature test-tube with a 
capillary pipetti*, and then a small amount of distilled w’ater is /^entlv poured 
over the serum. A distinct ;i7//7e 1 forms over the surface of the serum in 
every case ot kala-azar. 'Plus is the ‘* a/n/u///7/ / ///•^ /es/ ’’ of kala-azar. This 
test is positive even w hen the blood is diluted ten to twenty times w ith noi inal 
saline. 

J'lii' (ilohdliii Precipitdtion TesL — I'he serum is collected inside miniature 
test-tubes and then mixed w’ith two or three parts of distilled water. A wdiite 
piecipitate tonus in every ca>e of kala-azar. 'Phis is the “ <:/o6////7/ precipita- 
tion test" ot kala-azar. 'Phis precipitation may be due either to the presence 
of excess ot eilobulin in kaki-azar serum, or a specific j^lobulin more easily 
precipitable dian normal serum i^lobulin. 
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Anti-coiiiplcmcnUiry (Aobulin Test , — I'hc aiitliDi* lias also I'oiiiul that the 
above i^lobiiliii has marked aiiti-complementary properties, and upon this 
depends the anti-eomplementarv globulin lest which is described as follows : 
I c.c. of the serum of a kala-a/ar case is mixed with 15 c.c. of distilled water. 
Tlie precipitate is collected and then washed thoroughly with distilled water. 
The precipitate is then dissolved in 1 c.c. of normal saline and the following 
observations made : (1) 'fake, for instance, a iKcmolytic svstem in which the 

following are the doses of the component parts 0-15 c.c. of anti-sheep 
amboceptor | 0*5 c.c. of guinea-pig’s complement 4 0*5 c.c. of sheep’s 
corpuscles complete hremolysis. (2) {n) Mix 0*5 r .c. ot the guinea-pig’s 
complement with 0*2 c.c. of the solution of the above precipitate in normal 
saline — incubate for half an hour ; (/>) add to this o' 15 c.c. of anti-sheep 
amboceptor -f 0*5 c.c. of shec‘p’s erythrocytes - no lueniolysis. (3) 1 c.c. of the 
serum of the same kala-a/ar case 4 0*5 c.c. of sheep’s erythrocytes complete 
Inemolysis (due, no doubt, to the natural complement and amboceptor 
fretpiently present in human serum). (4) (a) Meat the serum to for half 

an hour ; (h) add o'2 c.c. of the heated serum to 0*5 c.c. of guinea-pig’s 
complement- incubate half an hour ; (i ) add 0*5 c.c. of sheep’s erythrocytes 
to {h) incubate complete luemolysis. 

It may be stated here incidentally that tlie above globulin-like substaiu'c 
does not inhibit the action of the natural complement normally present in the 
serum as long as it is not separated from the serum by the action of distilled 
water. 

'riie anti-complementary globulin test, the globulin ring test, and the 
globulin precipitation test are of great diagnostic value in k.ila-a/.ar. 'Hie last 
two tests may very rarely be present in some ap[)arently obscuie cases ot 
enlarged spleen, in which no Leishman- Donovan bodies may bt* found on 
spleen puncture. Hut some of these may be cases of kala-a/ar, as they are 
cured by administration of urea stibamine, and as Leishman-Donovan bodies 
may not be found on splec*n puncture in some rare cases of undoubted 
kala-a/ar (Leishman, Christoplicrs). 

The ^lobiilin-opacily test has already been described and, as stated l>efore, 
being a quantitative one, gives more delinite results than any other serum test. 
The liivinolylic tesl^ the aldehyde Usl and its limitations have already been 
described. By taking a measured quantity of blood, s.iy 20 c. mm., and placing 
it in o'6 c.c. of distilled water in a small test-tube, Sia has noted the rate of 
sedimentation of the preeijutate formed. If the solution becomes cloudy 
within live minutes the case is considered by him to be one of kala-a/ar. 
In advanced cases of kala-a/ar sedimentation is complete within lifteeii 
minutes. 

ChopnTs Urea Stibamine Test . — Chopra and his co-workers have observed 
that when a solution of an organic compound of antimony is brought in 
contact with the scrum from a kala-a/ar patient, a thick llocculent preeij^itate 
is formed at the junction of the two. The precipitate is much more marked 
and distinctive with uiea stibamine than with other organic antimonials and, 
therefore, this is generally employed. It shows a tendency to conglomerate 
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to a mass at thu jmiclioii of the two Ihiids and is dilhcult to break in by 
shakini^^, and does not dissolve if the tubes are allowed 1(^ stand for twenty-four 
hours or Ioniser. As re;4ards the strength of tlie solution required, it is loiind 
that although 0*05 per eent. or even weaker solutions ^ive a precipitate, it is 
advanta;4ef)us to use r to ..j per eent. sedutions. Antiinonyl tartrates do not 
;4ive this prec*ipitat(‘. When normal sera sera of patients sutferin^^ Ironi 
other disea^es are tested in the above way, there is either no preciidtatt* 
whatever, or onlv a slii^ht precipitate at the junction of the two fluids. 

l'cc}nii(/ue . — 'bhe serum is pipetted out in a capillary tube and put into a 
miniature test-tube, 3 to 4 mm. in diameter. A 4-per-cent, solution of urea 
stibamine is slowly added alon^ th(? side of the tubi* to form a layer on the 
top. With kala-a/ar sei urn a thick tlocculent precipitate forms at once, ddie 
test has l)een further simplitied by usiiyj^ tlu* blond from a tinker |)rick, so that 
it can be performed by the bedside. 'Fwo or three drops of blood fj'om a 
lin;4er prick ai*e received in [ to .V c.c. of a 2 per cent, solution of potassium 
o.xalate (2 per cent. j')olussinm citiate or normal saliiu‘ mav be used). A little 
of this is transfeir(‘d by a capillary pipette into a .L^lass tubinj^ 3 to 4 mm. in 
diameter, sealed at one cuid. 'I'he solution of urea stibamine is then added, and 
this beiiy4 heavier sinks jo tlu* bottom. Almost immediately a tlocculc*nt 
precipitate bei^ins to form at the junction of tlu* two lliiitls and l e.^ins to 
settle down in a eharacteri die manner, resianblin^ a shower of rain, through the 
uri‘a stibamine solution. In very early cases of kala-a/..ir the precipit.ite may 
take a minute or two bc'lore it appears; but in wi*ll-develo[H.*d cases it forms 
immediately and llocculation is quite distinct. 'Fhe advanta,i.;c‘S elainnul for 
the antimony test over the aldehyde test are: (//) It is i^iveii much (‘arlier in 
the course of the* dise.isc* than the aldehyde test. A dermitely positive reaction is 
obtained from the liftec*nlh to twenty lir.sl days ol the disease, (h) I'lie reat'tion 
is produced immediately, and it is not necessary to wail for twenty-four hours, 
as is sonu*times the c.ise with the aldehvde lest. (( ) 'I’lie lest can be performed 
with ;i much smallc*r tpiantitv of serum. 

Wiitloji iiiid Sindh's — llod.cison, X’ardon aial Sini;h have 

desciibeil a pic*liminary iiotf on a quick and sim[)le lest for the dillerenliation 
of malaria from kala-a/ai' and other lexers. The technique is described as 
follows : “ Prepare some sterik* 5 per cent, citrale of soda, seveial narrow 
i^lass tubes about 5 mm. wide and mm. loipc;, marking them as folknvs 
fiom Ihe lu)tlom : 24 mm., 18 mm., 12 mm., 6 mm. Slerili/e a 5 c.c. syrin^^r 
and diaw up into the syriipeic one part of 5 jn-r cent, citrate of soda aiul four 
pai ts of patient’s bloiul, mix and till a i^lass lube up to the 24 mm. mark, allow 
mixture to staml for half an lumr. ' Win*!! the blood of patients snlferiipc; 
from malaria was setlimenteil by the above methotl, the supernatant thiid was 
markedly yellow. In some malaria cases it was golden-yellow, others <^rt‘enish- 
yc‘ll(.)W, and a third .Ciroup i\’tldish-yellow. In proved cases of kala-a/ai‘ there 
was a rapid cleariipci "f the supernatant lluid, leav;ipj4 it colourless or faint 
urecnish-wliiti*. 

k'or liuther details the reader is relcrred to the original paper bv the 
author in the I luitiiii Jcin iial of Ri'sCiircJi , lanuai y, i():7. 
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Kor other laboratory methods, see the Chapters oil syiiiptomatoloi^v, and 
diagnosis and diltereiitial diagnosis. 

While fully endorsing the importance of laboratory methods, the author 
holds the view of Sir Leonard Rogers, tliat a large projiortion ol fevers in the 
tropics can be diagnosed by purely clinical methods. 


FORECAST. 

Wr: have described in the preceding ]>agcs the latest advances in the treat- 
ment of kala-a/ar by the use of urea stibamine and the cam[\ugn against it in 
Assam. 'Fhc last word about its treatment has not yi‘t been said. We hope 
that an antimonial compound will be discovered which it will be possible to 
administer orally, so that it may be used like quinine by the j>atients without 
their having to undergo the operation of intravenous in jection, which is some- 
times very diflicult, especially in the case of children and patients withaalema. 
Such an advance will make the treatment and the campaign against the disease 
more easy and popular. We als(» hope that antimony analogues of salvarsan, 
neo-salvarsan and allied compounds will also be discovered. The d.iy will 
come when, in studying the organic deriv.itives of antimony, one will be 
reminded of a quaint simile employed by \)i . Bertheim about the cluMiiistry 
of organic arsenic compounds. “ lie compares it to a sleeping beauty 
slumbei'ing, until cjuite n-ec-ntly, in an unfretjuented corner of ^ lL*ilstein,’ 
but who, now awakened, appears as one of the fairy gifts which synthetic 
chemistry bestows from time to time upon mankind” (Morgan). 

'Phe economic effect of the discovery ol the cui'e lor kala-a/ar will be veiy 
great in future, especially in the provinces of Assam, Bengal, and in othei' 
parts of India wliere the disease occurs. A disease which was considered 
incurcd')le for centuries, destroyed millions of human lives, luined families, 
decimated villages anti retarded prosperity in some parts of India, has now 
lost all its terrors. 

This disease in its epidemic manifestation constituted, acet^rding to 
Rogers, the old “ Burdwan fever’’ which raged in Beiigcd in the 'si.xties and 
'seventies, and converted many parts of I3engal into a “valley tjf the shadow 
of death.” Its terrible nature is well described in the words of one of tlie 
writers on this epidemic fever : “ The devastation of the epidemic has a very 
sad tale to tell. Countries that once smiled with peaci*, health, and prosperity, 
have been turned into hot-beds f)f disease, misery, and death. Villages that 
once rang with the cheerful, merry tune of healthlul infants, now resound 
w’ith loud wailings and lamentaticms. Huts, which ollered too little space for 
their occupants, are left witlumt a tenant. The skulls of liuman beings now 
strew the fields at every few yards' distance. 'I'he fell disease has mocked 
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every human eltoi t, and absorbed in its p(nverlul j^rasp, day by day and 
inch l)y inch, every blessed spot which once used to be prized for its 
salubrity.” 

Oeneral Oor^as, speaking in 1914 on yellow fever control, stated that its 
eradication would command the attention and the gratitude of the world and 
that the tiling could be done. 1\)-day yellow fever is in full retreat in the 
Americas. d'he same will one day be said of kala-azar, and it may be 
hoped that before lon^ the disease will be completely banished from India 
and other parts of the world where it occurs. The si/^ns of its retreat in 
Assam are already within si^ht, thanks to the intensive mass treatment (jf the 
disease with urea stibamine. When the disease disappears from the world, 
then one of the highest triumphs of tropical medicine will l)e achieved 


III. 

ADDENDUM. 


A Slionr SUMMAUY ON KiaUiNr WORK ON TUK TRANSMISSION FROBLKM OK 
KALA-A/AU IN CHINA, BY YOI NO AND IlKRTIO. 

In a recent personal communic.ition, Dr. t'harles W. Voun^ has very 
kindly furnished me with an account of the recent work on the subject carried 
out bv him and Marshall Hertif^ in the Department of Medicine, Peking 
Union Medical Colle^^e, l\*kin^% China. The following' is a summary of 
the work : - 

Attempts to transmit kala-azar to experimental animals by means ot tleas 
(I hi lex, Xenopsylla, Ceratophyllus, and Ctenocephalus), Ciiiicx Icchilainis 
and ('. pipislrcHiy and Ih niiifopiiuis spp., from striped and ^iant h. misters, have 
been uniformly ne.^ative. In one case, however, in one pot in which inlected 
and normal hamsters were present, the ne<^ative animal became positive in 
the known presence ot Cinicx lichiltu ins. 

There are marked discrepancies between the distribution of I\ nuijor var. 
iliiiii'iisis and l\ svri^i'iiti, and the distribution of kala-azar, and also in the 
behaviour of these two species in ways that would seem si^nilicant as rcj^ards 
the probability of their actinia as transmitters of kala-azar. Thus, I\ majov 
re-feeds with reluctance, /*. sc/Xt’iiti readily. P. iiKijor is moderately susceptible 
U) infection after natural feeds on hamsters (5b per cent, of 195 attempts), 
P. scriii'iiti markedly less so (2*4 per cent, of 661 attempts). When artificially 
fed, P. yielded S3 per cent, out of 137 feeds, while P. scrgciiti j^ave 

4S per cent, out of 349. In P. siri^c'iiti there is a delinite tendency for the 
infection to die out after the lifth or sixth day. Thoui^h P. scrj^ciiti is the 
dominant sandtly in the k,ila-a/ar vill.ii^es near Hsiichowlu, Kiani^su Province, 
yet it is infected with difliculty, and such infections tend to die out. P. major, 
on the other hand, while easily infected, may be very plentiful where there is 
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link* or no kahi-azar. Xcitlier species lias been inlectial by tliein followiiyi^ 
feeds on ktda-azar patients, nor have inlections with LcisJiuiauiii been found 
in wild sandHies. Attempts to transmit the disease by me.ms of sandllies 
have given negative results. 

Naturally infected wild rodents have not been cMicoimtered in the endemic 
region in China, except in the case of one striped hamster. 

Insects naturally infected with f.cislinidiiid ilonordni h.ive not been 
found. 

OBSKkVATIONS ON CLASMATOCYTKS IN KXPKUIM KNTAL K.M.A-AZAK’. 

In a recent personal communication, Dr. Hu, of Cliina, has V(‘ry kindly 
given me an account of Cash and Hu’s work on clasmatocyte cells in experi- 
mental kala-azar in infected hamsters. They have observed that in these 
animals there is a specific relationship between the develoimient of the clas- 
matocyte cells and infection with LcisJmidiiid ilotiovdiii. In infected hamsters, 
they found a moderate degree of amemia and leucopenia, and theie was 
apparently an increased extra-medullary blood formation in the sjdeen. 

The appearance of clasmatocytes in the blood is a striking [ihenomenon 
after infection. They found no such cells in the jK-ripheral blood, and only 
2*3 per cent, in the splenic blood in hamsters normally. In the ease of in- 
fected hamsters their percentage rose to iSaS in the peri[>heial blood and 
i(/4 in the splenic blood, four months after inoculation. In the case of 
bone-marrow they rose from 2*2 to 4*25 per cent. 

Further work in this direction is necessary before any conclusions are 
arrived at. 


UKRIPIIKKAL I.ESIOXS DUE TO l./USHMAMA /HiXorAM/. 

VVT* have already described certain skin lesions due to infection of the skin 
by Lcishnidtiid donoi'diii. (See chapter on “ Dermal Leishmanoid.”) 

Cash and Hu have found infection of the skin in a few cases of kala-azar 
with distinct increase of mononuclear cells about the blood-vessels. Many 
of these cellular forms in the subcutaneous tissue have been shown by them 
to be clasmatocytes by su[)ravital staining with lu-utral red. rhey found that 
the parasites could be present in considerable numbers without causing any 
obvious change in the skin. None of their positive cases showed any dis- 
coloration of the skin, though seveial of those in whose skin no parasites 
were found showed moderate pigmentation, mainly of the face, arms and 
trunk. They consider that more acute and active cases must be studied 
before the importance of the skin and subcutaneous tissue, as foci from 
which the infection is naturally distributed, is established. 

Young and Hertig have found the following peripheral lesions produced 
by Lcislinidiiid dodovaui and allied organisms in ex[)erimenlal animals. 

1 ntraperitoneal inoculation of Acton and Knowles’ “xanthoma" strain into 
Chinese striped hamsters {Cncclulns ^riseiis) produced only visceral lesions. 'Hie 
same is true of cultures from a case of Hrahmachai i’s “dermal leishmanoid,” 
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riw flaL'ellafes of liotli of these strains were agglutinated by the sera of nihhits 
/minimized against Indian sliains of Uishninma (Umovnui. hrom t lese 
jcMCtinjjs i( may Ik* assumed that these or^^anisins are Lcislnnatiia (loiioiuini, 
riicsc ohserve/s obtained troin Xicolle, in 1 unis, strains of the oii^anisnis 
from local human kala-a/ar, canint* kala-a/ar and Iroin tlie ^Kcko, which liad 
been nndei' cultivation on XXX medium tor many years. I he cultures obtained 
from Tunis acted in a dillerent and peculiar manner. They used strains of 
Lcislunaniii lioiiovani {Lcislniuiiiia in/milmii, “ kala-azar huniain ”) ; strains of 
LcisJmudiid canis (“ kala-a/ar canin’’); and strains of LcisJimaiiia tdrcnloUv 
(“ leptomonas dt* jaecko ”) from the i^ecko. All ol these strains ori^jainally 
produced visceral legions only. When these cultures were inoculated 
intrap(*i itoneally into hamsters, the infections were visceral at first, with 
enlar;4ed spleen and liver and with leishmania fairly abundant in the smears 
from the spk-en, liver, bone-marrow and heart blood. After a lapse of from 
two months to over a vearfrom the time of inoculation, bilaterally symmetrical 
lesions hei^an to appear in the* followin^i;’ order : (i) swellings of the car[)i and 
t;usi, e.xtendin^ later to the feet, includiiy<* the dii^its ; (2) swellin|4 of the 
posterior half of the scrotum in males, with subsequent ulceration, iniiltnition 
and enlar.ij;ement of tlu* clitoris, exceptionally with ulceration of the perineum 
in the female ; (3) swellin,i; (inliltration) and later ulceration of the base of the 
tail ; (4) similai swellin,^ of tin* nose, rarely with ulceration ; and (5) swelling 
and ulceration of tlie inai4;ins of the eais. h'rom the swollen tissues 
leishmani.i (.‘nclosed in lay^e mononuclear cells (clasmatocyles) were 
t)btained, often in lari^c* numbei's. The lesions of the feet never showed 
ulceration. 'I'he clasinatocytes weie piesent often in enormous numbers 
betwi*en the* connective-tissue fibres of the li.i^aments of the carpi anti tarsi 
and distally feel, includin^e[ tlii^its. d'he cells ctmtainiiyi;' par.isites in the 
lesions showin<^ ulct*iation were in the deep layers t)f the skin and sub- 
cutaneous tissues. I ntraperiloneal inoculation of the tissues from these 
perif^heral lesions jnoduced tin* same picture in two to four months and 
continued to tlo so consistently and repeatedlv. The same patholo^^ical chanties 
were obtained with all the live strains used. As the peripheral lesions 
developed, those of the \'isccra tended to disappeai’, so that at autofisv some 
ol the animals had normal-si/ed s[)leens and livers, nei^ative for leishmania in 
sme.ir. 1 ntr.iperitoneal inoculation of such tissue did not cause infection in 
hamsters. Thus it will be seen that these strains which ori^^inally produced 
visceral lesions only, now caused patholoj^ical chani^c's pi'ccisely like those 
described by (ionder, Laveran .md Seri^ent for reeentlv isol,ated LeisJnuanid 
hopicd. Similar lesions of a sini^le extremity were found in two hamsters 
inoculated with two dillerent Chinese strains of Li'islniidiiid dodovani. These 
hamsters, alri‘adv showin5.^f heavy visceral infection, had been tied out with 
leather thonj^s constrictini^ the four extremities during: insect feediuji;' experi- 
ments several months before the appearance of the lesions. Inoculation of 
tissue Irom these local swellini^s protluced only i^eneral visceral infections 
like tiurse caused by the strains with which these hamsters had been originally 
inlected. 
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TKMPKKATURE IN RELATION I'O CULTURE OK /.A’AS/y.lA /A7.; DOXOVAXL 

According to Christopliprs, Slu^rll and Biiriaiid, the extreme raiii^e ot 
temperature at wliicli development was obtained was i() 'C. and 34 ' C 
ddirou,s4hoiit this ranine the form of devtdopment appeared identical, the onlv 
variation observed bei 11,54 de^i^ree to which miilli[dieMlion toou place 

and the lenj^th of life of the culture or rapidity of development, hdfeetive 
culture in which the parasites became very numerous was obtained betweiai 
22 C. and 30 ' C. Sc^me dilference in diflerent sL-.dns was noticeable. 
I’^oui^hly speakin<4, some strains appeared to bi* more robust than othcas, 
and these, as a rule, appeared to culture over a widiM' ran, 4c* of temperature 
than others. At 2(S’C. no strain failed to culture freely In some strains 
[irofuse culture* was obtained at 30 Cb, and even at 32 Cb ; most strains, 
howexer, did not culture satislactorily at these temperatures and many were 
neiLjative. E.\islin,54 I'ullurcs placed at ' C. showed the llai^ellates at first 
in very active movement, but the cultures were usually killed, as shown by 
lack of motility and failure to subculture alter about tlu* third day. In spite 
of this, two pvisitive cultures (from subcultuu s) were obtained at 33 ’ C ; these, 
however, quicklv died out. Culture appeared to take place earlier at the hi,i4h 
temperatures than at the lower ones; thus cultures at 2S C. were usually 
positive on the third day, whereas at 2 2 ' C\, they did not usually show this 
eondition until later. 

Christophers, Shortl and Harraud hold that there would be nolhii],i4 
unexpected in the development of the jxirasite of kala-a/ar in the .i^ut of 
the sandtly or elsewheie at a temperature of 2<S C., or evc*n at a hii^her 
temperature. If an early effective development is to be favoured, it is 
even proliable that a temperature in this nei.^hbouihood would be the 
most suit.ible, as tendin,^ to hasten development without bein;^ delinitely 
hostile to it. 

'rhouLth development of the lla,^ellate form in culture c.in chxuly take 
placi* through a wide range of temperature, it is evident that this r.inge is 
pitched without any reference to the temperature of warm-blooded animals. 
'Hie ran.ge is not, however, very divergent from that of the oi'dinary 
temperatures of external conditions in at least sonu* tropical or subti*o|)ical 
countries. 

UREFARAIION OK THICK ULOOD-KILMS. 

Some of the methods have ali'eady been descrihed (see Appendix;. Among 
others may be mentioned the following 

Riii^os MclJiod. — This is one of the best methods for the preparation of 
thick blood-films. After the blood has dried well, gently move the slide 
about in a glass containing a 2 per cent, solution of formalin to which has 
been added i per cent, glacial acetic acid. After laking is complete, tieat the 
slide in the same way as ab(n'e in a glass of lap water to remove all traces of 
acid. Next wash very gently in distilled walei' and stain. 

The Method e/ /<'////c.s’ consists of making a circular smear about three cjuarlcTs 
of an inch in diameter from a drop of blood and when dry it is treated with 
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.icid alcoliol consistin^^ of a inixliire of ten drops of HCl and 50 c.c. of 
absolute alcolud till delueiiio^lobinization is complete, ddien wasli thoroughly 
in water for five to ten niinutes. Stain aftei diying. 

The Methot! of Sliortf, Das ami Ar//.— They consider that thick lilm smears 
possess the disadvantage of presenting the white cells in a contracted condi- 
tion oral least in a nearer approach to a globular form, whicli renders the 
search for parasites much more diflicult, and often obscures their identity, as 
compared with the Hattened-out white cells of a comparatively thin him. 

A small drop of blood is placed at one end of a slide; a second slide is 
applied to it, as in making an ordinary blood-smear. The second slide, as 
soon as the blood has spread out along its edge, is pushed along the surface 
of the tirst with an even motion until the blood is almost ex'hausted. At this 
point, instead of continuing this motion, as in making an ordinary smear, 
thr second slide is abruptly lifted off, with the result that the blood-smear 
ends in a edge stretching transversely across the slide, this stiaighi 

edge is somewhat thicker than the rest of the smear and contains a large 
jKMcentage of the total white cell content of the drop of blood. The white 
cells in the straight edge are all that it is necessary to examine for the purpose 
of delermining, with a fair degree of accuracy, the presence and numbers of 
Leishman-Donovan bodies in the peripheral blood. As an invariable routine 
tile terminal edges of four slides, prepared in the way described, are examined 
for parasites. 

Shortt considers that the presence of a temperature above the normal lias 
an ellect in increasing the number of parasites in the [')eri[)heral circulation. 

At the same time he observes that man^ cases during long periods of apyrexia 
still show the presence of parasites in the peiipheral blood. He considers 
that the activity of the disease has an effect on the parasite count, the periods 
of exacerbation as r,hown by raised temperature and all the concomitant 
laetors of an active disease process increasing the par.isite count in the blood, 
'file parasites are found inside polymorphonuclear as well as mononuclear 
leucocytes. 

The }f('lJiO(l 0/ Ih (iJiimn fnn i and Son, — Brachmachari and Sen have elabor- 
ated the following method of making and fixing thick lilm smears of blood. 

A thin rectangular steel oi' tin or aluminium plate, about the size of an 
ordinary glass slidi*, is used as a blood-lilm spreader. One of the edges of 
the spreader is slightly notched in the middle, the notched portion being less 
than the breadth of the glass slide. Both the notched and unnotched portions 
must be even and absolutely parallel to the breadth of the spreader. 

'Pile film must not be very thick nor dried very slowly, otherwise the 
leucocytes become contracted and there is much dilticulty in distinguishing 
Leishman-Donovan bodies inside them. 

(i) A fairly large ilrop of blootl is taken towards one end of a thoroughly 
cK‘an glass slide and touched by the notched portion of the spreader, so that 
blood runs between the notclied edge and tlic slide. Then the lilm is drawn, 
the spreader being held at an angle of 45^, the blood following it and not 
puslied before it. The thickness of the lilm may be varied by varying this 
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angle. Dry the slide in air or in a regulated vaciiiini desiccator, or in a 37 ' C. 
incubator. At room temperature it takes about half an hour to dry in the air. 
In the case of more thick films it may take (me to two hours to dry in the air 
at ordinary temperatures. 

(2) Put the slide in a glass tray containing acetone, “ Merck,” extra pure, 
for about five to ten minutes, according to the thickness of the biood-lilm, the 
tray being covered to prevent the acetone from evaporating during this period. 
Then allow the slide to dry till the acetone is evaporated. 

(3) Dehcxmoglobinize in distilled or tap-water. The process is finished 
within about one minute, and then wash with methyl alcohol to remove 
any further trace of acetone which may be left in the slide. 

(4) Dry, and stain with one of the Romanowsky stains, such as Leishman 
or Wright. 

The advantage of this method is that all structures of the blood, such as 
leucocytes, blood-platelets, cStc., become lixed except the hicmoglobin of the 
erythrocytes, with, the result that it can easily be washed away by the process 
of deluemogl U')ini/ation. 

More recently the authors have observed that if the blood is spread 
according to t!ie method of Shortt, Das and Lai described above, then the 
result is also satisfactory. 

TKCHNinUE FOR HRINGIN(J OUT HISTOLOGU' STRUCTURE OK KLAGELLATES. 

Parrot and Lcstoqitard'^ Method, — {a) Fix 10 min. in Schaudinn’s alcoholic 
sublimate, {h) Transfer to iodine-alcohol, (c) Remove iodine with 95 per 
cent, alcohol and dry, {d) Immerse in horse-serum 10 min. .ind dry. 
((’) Stain with Giemsa. 
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AxhKksox, C. in North Afrirn. K(‘v. 'runisirnno Sri, Mrd., 
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ArA(.\o, II. Pale-fra -(dire lei^hrnanirj-'e-'. Sr ietir ia .Med., vol. q, pp. ijr-r'^2. 

/\r A \A.\l)l.\os, ,'\. Heol>a< 111 un.i'en iibet die innrre lei-lmiaiiio'-i" in (ii ier lien land. 
Aoli. f. Sr hills- II. d'rop.-Hyi;., April, vol. 20, No. 8, pp. 193-203. 

l/anatoniia pataloi^i''^ ‘‘ I ’i'topatolo;^ ia di im ra-o ^lero di lei^limaniosi 
interna. .Malaria e .Malat. d. Pae^.i ( aldi, .\pril 20, vol. 7, No. 7<)-82, 

('ontril)iition ;i Phi''tori{jue rl(‘ la hdshmanirjse inli'rne, liiill. Sor. Path. 
I'-xot., jail., vol. o, No. I, pp. H) 13. 

Modilir at ion dari" la tr^f hiiirpn* rle la iionr lion <h‘ la rate. Pull. Sor. l*ath. 
l*.\f>t., jiil\', vol. (), .\(». 7, pp, 444 448. 

Mrtliode pour a.^.surcr Prnnor uiie parfaitr dr' la porv tion s])l(*nif|uo. Pull. 
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and MiciiakI.IDKS, \ trot . Kala a/ar in Giier Inn land. 1 . Das kala-azai 

airf drr Irisel llyrlia. /eritralhl. liir innere Mi'd., laip/i;;, .April is, vol. 32, 
Ad). 15, pp. .V * 0 - 375 - 

Auciikr, (i. |. S. A ra^e of ka la azar f onlrar ted in Crete, journ, Roy. .Army 
Med. Corps, vol. o» I*. -‘K*. 

Note- on the po^t inortron e.xamination of a r a'-'C of kala-azai contrac teal in 
('o'te. Journ. Roy. Army .Med. Coips, vol. 0. PP- 5 it- 5 ‘ 3 . 

Au( llIltAl.D, R. Cl. The alkalinity ot tlx* blood "(‘rum in kala-azar. journ. Roy. 
Arrn\’ Med. Corps, June, vol. 14, .\o. P, pj). bi;b2o. 

'Pile alkalinity of the blood scrum in kala-azar. l-’orirth Report of the 
WCIborne 4 ropiral Re-.ear( b Laboratories at the (loidon .Miunoiial ( olb'^p', 
Khartoum. \'ol. .Mediral, pp. 173 177. 

An intercstiro; ra^e ol kala a/ar. .|orrrn. Ro.v. .\iin\ Med. ( orji.s, Alay, 
v(d, JO, No. 5, pp. 512 52 r, 

,\ preliminary report on "orix‘ further in V('>ti^pat ion^ on kala-azar in the 
Sudan, .jouiii. Roy. .Arms Med. Coip", .\ov., vol. 23, .\o. pp. 47()-4()s. 

I'he lei"lima 11 ia^is. I lie pia(ti(e (d medi< iix' in llx' tropii s, I'ditcd by 

W'. Pyarn and R. (i. .\i( liibald. 

Kala a/ar in the .Sudan, with "p(‘( iai lelereixc to its tK'atnxmt by tartar 
eiuetii. .Amer. journ. I'lop. Med., July, vol. Ill, .No. A, J)]). 307 - 3^’4 

. and .S()Sl',l, P. ,\ -poi(»/oon tioiu the "pleeii ol a ( a"(‘ ol splenome.i4aly in 
the .Sudan. 'I'laii-'. Ro> . .Soi . Tiop. .Med. .ind ll.\y;., vol. 17, No. 8, I’b b. 21. 
pp. 482 484. 

AlOllIV. DM. l.N.srmTo .\.\( lo.N.M. I >K. llPi. I )K Aj.konso .\ I 1 I . vol. 2, 

.No. 2, pj). (»7 <84. .Nuevo" (as de k.ila a/ai infantib‘ en el (enlro de I'.spana 
(( .xcres, Madrid, 'I'oledo), un ( a>o de mix'i ti' por el -tibenvl. 

.\l<(III\Ks DK I.’ l.N.sTI'l I T I’.tSTKrU |)K 'Il’.M.s. Au.l:. I, vol. o, N (>. I, j)p. 3 '* .v8. 

( lironi((ue du Kala a/ar en 'runi-ie, 

.Aucoi Ko, (IakI’A.No. I’-in Fall von Kala a/ar bei eiix-iu .Musi lmann, dt i mit 
•• Pe\(‘t 203 ” >.;elreill wurde. An h. I. .S( bills u. Itopem ll\;.;., Au^U''t, vol. 28, 

No. 7 , pp. 2(j5 2()7. . M 

\UK.NA, (i. Sull’ importan/a ili.i.s^no.^lx a d('lla lAM/ioix' di Piabma('haii nella 
diaKiio^i di kala azar. ( lin. pediat. .Modena, vol. 7, pp. ito-itxj. 

(Ontiibuto alio studio della p.itoi;('ix‘'Hi della leix opemia ix.d kala azar 
infantile t 1 lu' pathoj^eny ol leix (*penia in iulantib' kala a/aij. Pediatiia, 
.May 1, vol. 35, No. (.), pp. 4 (» 5 - 475 . 

.\uiAs Xu.WDA, . (. ase in Salta. Pol. ln>t. de ( liu. (juii., V(d. 2, pp. 322-32(1. 
.\KTAM( )N( >V, .\. S. Kala azar at S.iruan hand. I'l e.itux'ut l)y -tibeiu l. Ru"". 
journ. I'rop. Med,, .Nos. <»-7. PP. 35 4 »’- 1 ^“ Ru-sian.) 

- rhe disti ibuti(»u of kal.r a/ar in S.im.irkand and it" ( ure by antinxrny 
pt(‘paiations. .Anh. I. St hill"- ii. I’lop.-I lyj;. , jauuaiv, vol. 31, .No. i, i)p. 3 -- 37 - 
/nr I’l.iv.;!' dt'i \’ei hr eituu.i; dei iniiei li('lx‘n l.(‘i-hmania"is in .Samar kaud und 
die lleilun.u del Kiaukheit dut(.h die I’rapaiale des Stibium.". Anh. f. S( bill> 
u. I topiMi-l lyg., vol. 31, pp 3 - 37 - 
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Kjii Inlurno ;illa i^ioiU' spontanra (li‘l kala-a/ar. Stiuli inlotno all inalaltio 

tropicali dt‘ 11 ’ Italia incridionaU' c insular^ o didlc (\di)iii(\ .\r<iiivi() trinu'stralo 
rcdatto da Unib('rto Ciabhi, Part 2. Messina; d'ipo^i., S. Gin'iiiiMa. 

Kjii Intorno alia i^^ione ^po^lalH’a did kala-a/ar. .\lal. Malal. <1. Paosi 

C'aldi, August, vol. 2, .\o. 8, pp. 230 232. 

rQi2 Sulla yitalita ib'lla Lrishnianiti donovaiii in .siiubi()>i con i goiini dolb' 

lualattio inlt'Uivi' inti'stinali o i dh lo stit*pto<-ot co i)iog('ni'. Mai. v Malat. < 1 . 
l^ai'si C'aldi, Ma\’ Juik', vol. 3, Xos. 5 (>, j)}). !!;t-t52. 

IQT2 -- — Li'isbinanio^i inirrna (kala-a/aid a Ab's^ina nuovi ("^I'lnpi (liiTni 0 sguardo 
riassuntivo. Alai, c Malat. d. J*ai‘si C'aldi, Xovcrnlx'i, vol. 3, X<^ 2, jip. 307-310. 

igi2 Su alruno inodifica/ioni tilovalo lu'lP ('((uilibrio Ioik ocitario did sangiu; 

splonico (bd kala-a/ar. Mai. c Malal. d. fbu’si C'aldi, Mai(h, vol. 3, No. 3, 
PI>. 74 - 75 - 

ipi3 Xota f dinica su abuni rort'nti casi di bdslunaniosi interna (kala azar). 

Mai. a Malat. d. Pai'si Caldi, Alarcb, vol. 4, \(V 2, p|). 80 82 ; and Piforina 
Med., May 17, vol. 2(), X<\ 20, jip. 530-3.^^- 

Tr)i3 Sulla ganglio puiu tura ludla diagnosj di bdsbinani'vd. Mai. c Malat. < 1 . 

Pa(‘si C'aldi, .\ugust-.S('|)teinbr.‘! , vol. 4, Xo. 5, ])]). 3oC)-3o8, 
i(ji3 - _ Ltdsliman io>i interna (kala azar) a Mes.sjjui. X uo\ i esein|)i ( liniei Sguardo 
rias.Mintivo. Rifoiina Med., Kebruaiy 22, \a)l. 2<), \o. 8, pp. i()()-2oi. 

i()i3 Sulla eoltivabilita dedia bdsbniania, ( osi delta inlantuin, ind sangue 

^|)leni( u-rilrato o Mez/o di Kogiu.s. .Mai. .Malat. d. Pae.'-i C'aldi, January, 
vol. 4, .No. 1, pj). 2-7. 

i()i3 la’isbinaniosi (anina v uinana <* buo rappoili. Mai. e Malat. d. Ibiesi 

C'aldi, .\j»ril iMa\-, \() 1 . 4, No. 3, j))). 2(»3 204. 

I(ji4 - la' ( onipl iean/(‘ (bdle vie respii atoi i(‘ nella bdsbmaniosi intj-rna. l.avori 
( 1 . So('. Italiana di Patologia h'sotiea, pp. 83-8t>. 

i()i4 Lei^bnianio^i uinana e canina. Studio (Painbi('nl(‘. Rid. Med,, l-'i'biuaiy 14, 

vol. 30, .Xo. 7, p]i. 179-182. 

1(^1- Vizio eardiaio r leisbinaniosi inliuna. .Mai. (' .Malat. d. Paesi Caldi, July 

.Xugu.st, vol. 6, X’o, 4, pp. 191-192. 

i()i5 ladsbinanio^i lanina ('d umana e loro presunta dipi'iiden/a genetica. Mai. 

(' .Malat. d. Paesi C’aldi, Ma\’-June, \ol. (>, .\o. 3, pp. i:5()-ii;7. 

1915 Die L(dsliniani(»>i bid Men^iben und llunden. Studiuin des Krankbeit- 

sgebietes. /entralbl. I. Hakt. Oiig., January iq, vol. 7^, .\o. 4, pp. 2()4-2()8. 

191C) - - La ( ura della leisbinaniosi inteina i on i pn parati di antinionio. Mai. e 

Malat, ( 1 . Paesi Caldi, Jul\ -August, vol. 7, Xo. 4, p]). 242-24^. 

1920 I. a (Uia del kala-azar intantile i nn i pnparati di anliinonio. Ciioin. di 

Clin. Med., Bologna, Ma\, vol. 1, .Xo. q, j)p. i82-T8t). 
i()i3 - and Cill’cM, I''. Riunioiii' privata liunita a .Mes^ina il iq Cliii.gno, i()i3, 

inloriio alia bdsbinaniosi uinana in Italia. 

igi4 _ .Stalo presente did probbuna della trasin issioiie didia leisbinaniosi 

interna nei pae>i del baeino Meditei t ani'o (Rivista .Sintetieo Critiea). .Mai. e 
Alalat. d. Paesi C'aldi, May June, vol. q, Xn. 3, pp. 21.4211; JuIn .August, No. 4, 
pp. 297 - 3 ^^ 5 - 

11)13 Sl’oj.VKRlxr, [.. M. Conti ibuto alio siuilio drlla bdslnnaniosi inlaniiiin. 

J’edialiia, .Sepleinbi'r 30, vid. 21, Xo. 9, jij). C)q<)-C)Ci8. 

ii)ii) .Spuawsox, C. a. Kala-azai in Meso|)otainia and its imubation period. Brit 

Aled. Journ., Xovember 22, pp. C)(»7-Cit»9. 

11)1)5 Sta'I'HAM, J. C'. B. Preliniinaiy note on tbe eultivation of tbe l.eisbnian body. 

Journ. Ro\ . .\rinv Med, Corps, vol. 4, pp 131 5. 
i()05 .A ease of kala azar. Jouin, Ko>', .\rmy Med. Corps^ September, vol. q, 

l)p. 248-2^2, 3 bC)- 3 S 4 - 

11)07 Kalaazar or DumDum fever. 'Transvaal Med. Jouin., i9oC>-7, vol. 2, 

PP- 3 ^- 33 - 

I;)I3 - and Brri.KU, Ci. G. X'ote «)n (i-rtain bodies found by liver jiuneture in a 

ease of fever assoi ialed with siilenii en la rgemi nt . Journ. Roy. Army Me<l. 
C orps, vol. 2r, .\o. C), pp, C)2o-b35. 

1881 STF:PIIAXf)S. la* ponos de Spetza et d’llydra. Ciaz. llebd. Med. et ib* Cbir., 

2nd series, vol. 18, .\o. 47, p. 751^: Xo. qi, p. 813. 
i8()7 Stkfmikx, .a. Dr. Rrigt'r’s ri’porl on kala azar. (.Abstrait.) Ind. Med. Ciaz., 
vol. 32, i)p. 408-413. 

11)04 Stkpmk.X.s, I. W’. W'. .Spri iini ns of T.oi-'bman l'>onovan bodies, or H('lcosoniii 

tropienm. Idverpool Meflieo-Cbirurgii al Journal, vol. 24, |)]). 3 b()- 37 ^-. 

1920 StT(;tkr, P. L. Kala-azar. I'.en bijdrage tot de easiiistiek. Cieneesk. 'Tijdsi br. v. 
Xedeil. -Indie, vol. bo, .\o. 1, pj). 44-^48. 

ii)24 StrI’TUKRs, K. B. Kala-azar. Criterion of lure. Cbina M<*d, Journ., Mareb. 

vol. 38, X'o. 3, pp. 207-212. 
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iq 2 (j Struuhkks, E B. The advantages of the organie pieparations of antimony in 
the treatment of kala-azar. A preliminary note, t hina Med, Journ., September, 

PIJ. 840-850. , 

1Q27 Ti'catrncnt of kala-azar. C hina Med, Jouin., Januaiy, pp. 21-28. 

1Q27 “ Nfu.stam stibaminc glucoside in the treatment of kala-azar. China Med. 

JoLirn., Januaiy, vol. 12, No. i, pp. 21-28. 

'Pile treatment of kala-azar by stibosan (Heyden “ 471 and antimosan 

(ilcyden “661 C hina Med. Journ., September, vol. 41, No- Q, PP- 755-/(31. 

1 (j 24 and Cli'I ClfA^’G Cii’UN. 'fhe globulin predp. and formol-gel tests in 

diagnosi.s of kala-azar. China Med. Journ., Mareh, vol. 38, No. 3, pp. 203-206. 
IQ27 Suarez, F. G. The first case of adult kala-azar in Madrid (Arch, de Medicine 
Cirurgia y Ksiiecialidades, Feb. 5), also referred to in the Journ. of 'frop. Med. 
and Hyg., March 15. 

uj23 SUR, S. N. Epidemiology of kala-azar in lie?igal. Jnd. Med. Kcc., August, 

pp. 21S 222. 

1015 SUTIJKRI.AND, W. D., and Mitra, G. C. The W'asseiniann reaction in malaria, 
kala-azar and leprosy. Ind. Journ. Med. Res., April, vol. 2, No. 4, pp. 984-989. 
1909 Svvahev, L. W. a fatal case of kala-azar. Journ. Roy. Army Med. Corps, 
September, vol. 13, No. 3, i)p. 294-297. , r. • 

1904 S\VAx\, J. Case of (ontinued fever with Leishman-Donovan bodies. Jirit. 

M(‘d. Journ., vol. i, iSo. 2269, p. 1487. 

/(J2I SfMo-Ns, T. Jl. Lieut.-Col., l.M.S. Madras Annual Repoit and Statistics of 
the (j’overnment (ieneial Hospital, Madras, for tlie xcar 1921. 


1923 'J'anahio, N. On tin; ronditions in'Cf'Ssary for tlie development of Tsishmania 
i 1 ono 7 mni in vitro. Saikingaku /asshi, Journ. of Bact., June, No. 333. Sum- 
marized in Jai). Med. World, 1924, K(‘bruary 15, vol. 4, No. 2, p. 46. 

Kjio 'I'asiiim, Iurahi.m. Sur Ih'xislfMK (• mi 'rripolitaiiK' dii kala-azar et dc la fievrc 
mediterraneenne. Bull. Soe. Path. I'Aot., October 12, vol. 3, No. 8, pp. 51 1-512. 

1910 Sur Pe.xistem {• en 'I'l ipolitaiiie <lu kala-azar et d(‘ la tievie mediterrane(!unc. 

Aif b, lii.^l. Pasteur d(.' Tunis, I*art 4, 1 p. 158-159. 

1911 'I'JioMsoN, ( apt. i). S. B., and Marsham., JJ, \V. 1 C Kala azar commission to 
investigate the prevaleiHf' and (ausc; of llu' disf'ase in the h'.astern Su<lan. 
(1) (General Report (Ijy Capt. 'I'homson). (2) Pathological Report (by T.t. 
Marshall). Poiiilh Kepoit <»l tin; W'elleonu; 'I'ropifal Reseaifh Labora(()ii(;s at 
tin; (loidon Memorial (’olli'gc;, Khartomii. Vol. A. — Mc'diral, pp. 143-172. 

1921 'I'lloMSf )i\, J. Gordon, and SiXTOX, J. A. fj'ishniaiiia donovaiii in cultures 
recovered liom spb'eu puncture during life and from tiu' bone-marrow of the 
cadaver. Pioc. Roy. Soe. Mtal., vol. 14 (See. Trop. Dis.), June, No. 8, pp. 21-23. 
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